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A special-purpose digital computer has been developed
using the new ECS LSI microprocessor technology. The
primary gcal of this work was to solve a fairly complicated
computing task using a minimal amount of random logic and
limited development time. This computing system solves
ships' maneuvering board problems including the
deter ruination of course, speed, and closest point of
approach cf other ships. Ten contacts can be tracked
simultaneously. The triangula tion involved in these
calculations is performed using a decimal version cf the
COREIC algorithm. A complete maneuvering situation can be
computed in 4.5 seconds. Except for hardware required to
drive the displays, all logic is contained in the
software-encoded read-only-memory chips, which drive a
single CPU chip. Approximately eight hundred man-hours were
required to develop the programs and prototype the hardware.
The system is modular and easy to maintain, low in bulk,
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I • IMBODOCTIOM
A rapidly developing and expanding area of ccirputer
technology and application is that of microcoiip uters.
Composed cf miniaturized software-encoded chips and minimal
hardware circuitry, the microcomputer is ideally adapted to
specialized tasks and applications. It is the purpose of
this thesis to demonstrate the applicability cf the
comparatively inexpensive microcomputer technology to Navy
functions and problems.
An application which has been investigated by the Naval
Electronics laboratory Center, San Diego (NELC) , is that of
computerizing certain maneuvering beard problems, in
particular, deter raining the closest point of approach (CPA)
of multiple radar-detected contacts. NELC has constructed a
"breadboard version" of its CPA calculator, described in
Refs. 1 and 2, making maximum use of off-the-shelf
components. The heart of the unit is six MOS 1SI chips
manufactured by North American Rockwell Microelectronics
Company and described in Refs. 3 and 4. They contain a
standard array of arithmetic (add, subtract, multiply,
divide) and scientific functions and constants (sine,
cosine, expenent, natural logarithm, PI). The control
program is stored in three Intel programmable
read-cnly-meraory (PROM) chips, with four Signetics
random-access-memories (RAM) used for data storage. The
NELC unit has a twenty key control keyboard and an eleven
key (with decimal point) numeric keyboard, while the cutput
is in the form of a light display of six digits plus sign.
Infcrmaticn on five contacts can be stored simultaneously.
Data input fcr each contact reguires six individual entries
unigue to that contact, plus two which are the same fcr all
contacts. Five pieces of output information for each
8

contact are computed and displayed, one at a time as
directed by the user, with a total machine computation time
for solutions less than sixteen seconds. NEIC's method of
solution involves manipulation of the input data using
primarily the Law of Sines and the Law of Cosines. Inverse
trigonometric functions are not available, and they are
approximated by multiplicative constants, as indicated by
Bef. 5. Ihe NELC CPA calculator has been tested at sea
[ Ref . 5], and this test showed that a device which provides
a guick, accurate, and reliable solution to maneuvering
board problems will be eagerly received by potential Navy
users.
The system described below has been developed as an
alternate microcomputer solution to the CPA problem. The
hardware is the Intel MCS-U microcomputer set. The software
functions have been limited to those which are required for
the CPA solution. An extensive control program not only
orders the various algorithms, but also makes sufficient
checks on actions by the user to insure that input is
complete and output will be meaningful. The system as
implemented uses keyboard input and light display output,
although alternate, more automated input/output schemes are
suggested.

II. THE MANEUVERING BOARD
When a proceeding ship is near other ships, knowledge of
the relaticr.ship of its motion to theirs becomes important
in preventing collisions at sea. The Hydrcgraphic Office
has prepared a plotting sheet (H.O. 2665-10) called the
Maneuvering Eoard which facilitates the solution of a ship's
relative ncvement problem. This solution involves finding
the closest point of approach of another ship along with its
course and speed. Reference 6 was used as a guide in
defining the terras and various plots on the Manuvering
Board.
A. THE EASIC RELATIVE MOVEMENT PROBLEM
Figure 1 illustrates the format of a Maneuvering Eoard.
Ship positions are plotted using the polar co-ordinate
system. The center of the plot represents "reference" or
"own" ship ard any other point represents the position of a
"maneuvering" ship, plotted in true bearing and range from
own ship at various times. Solutions of relative motion
problems with the Maneuvering Eoard consist cf two distinct
but related parts: the relative plot and the vector
diagram, the latter often called the speed triangle.
1 . I he_Relati ve_Plot
In the relative plot the "maneuvering" ship is
plotted at various times: its position at the beginning of
the plot is labeled M1, and subseguent positions are labeled
M2, M3, etc., as indicated in Figure 1. The line through
M1 # M2, M3, etc., is called the relative moticn line,
defining the direction of relative motion and the distance
of relative notion. From this plot are obtained the bearing
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and range of the maneuvering ship from own ship at any time
and the bearing and range of the closest point of approach
of the maneuvering ship from own ship.
Ihe closest point of approach is indicated as the
point labeled CPA in Figure 1. The range of CPA is simply
the distance from the center of the plot to this point. The
bearing of CPA is equal to the direction of relative tfotion
plus or minus ninety degrees, dependent upon the quadrant
containing the CPA point. The time of CPA is obtained by
adding tc the time of M1 the quotient of the measured
distance from H1 to the CPA point and the speed of relative
motion. This last computation can be accomplished through
use of the logarithmic time, speed, and distance scale
nomogram found at the bottom of the Maneuvering Board (fi.O.
2665-10) .
2 • 1 he_ Vector Diagram
The vector diagram is used to solve for the course
and speed of the maneuvering ship. The vector diagram is a
triangle composed of the three vectors shown in Figure 1.
Vector er indicates the course (vector direction) and speed
(vector nagnitude) of own ship, while Vector em represents
the course and speed of the maneuvering ship. Vector rm
represents the direction and speed of relative motion.
Thus, given cwn ship's course and speed and the direction
and speed of relative motion determined frcm the relative
plot, the course and speed of the maneuvering ship is found







B. CTHEE, USES OF THE MANEUVERING BOARD
All maneuvering board problems utilize the basic
relative motion problem discussed above. In addition to
determining CPA information, the Maneuvering Eoard can also
be used to find the required course and speed tc take
station en or to intercept another ship, to find true wind,
or to find courses and speeds for scouting and
torpedo- firing situations.
1 • S ta tioning_Prgbl em
• Given the maneuvering ship's course, speed, and
position at some time, the stationing problem is to
determine own ship's course, or course and speed, in order
to maneuver tc a certain range and bearing from the
maneuvering ship. The basic solution technigue is tc draw
the relative motion line from the starting maneuvering
position to the point of required range and tearing frcm the
maneuvering ship, and then tc solve the relative motion
problem.
2- l£terce£t_Problem
Given the' maneuvering ship's course, speed, and
position at some time, the problem is to find own ship's
course and speed to intercept the maneuvering ship by a
certain time. To find a solution, the relative moticr line
is drawn from the maneuvering ship's position to the center





Since the knewn apparent wind is the resultant of
ship's motion and true wind, the maneuvering board can be
13

used to sclve for true wind. The solution for true wind is
simply the em vector of the vector diagram, where ship's
motion is the er vector and the treasured apparent wind is
the rm vector.
4 . M il i t ary__A_pj:lJ.ca. tion
s
The Maneuvering Board is used fcr ether problems
such as scouting and torpedo problems. These problems
involve determination cf courses and speeds to undertake a
desired scouting or search path, or a course and speed
reguired to shoot a spread cf torpedoes. Dutton [Eef. 6]
provides descriptions and solution technigues for these
prohlems as well as the problems outlined above.
14

Ill . C0RDIC_C0«P_U1ING_TECH NI CJJE
The maneuvering board algorithm described below is based
upon a vector analysis of the data, which in turn requires
certain transcendental functions: sine, cosine, inverse
tangent, and modulus. Sine and cosine generating techniques
had already been implemented on the MCS-4, as described in
Kef. 7, with average run times of 650 and 750 milliseconds,
respectively. It was recognized that these routines would
yield an unexceptable total computation time if used in the
maneuvering board algorithm. Conse guen tly, the CCEDIC
algorithm described below was investigated and eventually
implemented, significantly reducing the time required for
each function.
The COREIC (CO-ordinate Rotation Digital Computer)
technique was developed by J. E. Voider in 1959 [Bef. 6].
It is a simple, accurate, and relatively fast method for
generating transcendental functions involving only the
operations of addition, subtraction, and shifting.
The principle involved in CORDIC is to rotate an
imaginary vector represented by its x,y components through a
seguence of angular steps of predetermined magnitude. At
each step the values of the angle and the x,y components of
the vector are modified according to a set of equations that
can be inpleroented with add, subtract, and shift operators.
A. CORDIC PRINCIPLES
J. S. Walther has described [Ref. 9] a single unified
algorithm for the calculation of elementary functions using
co-ordinate rotation in a linear, circular, or hyperbolic
co-ordinate system. Eor the sake of simplicity, the





Consider a vector P (x,y) with radius
2 2 1/2 -1
E = (x + y ) and angle A = tan y/x. let a new vector
P = (x # y ) be obtained from P = (x ,y ) by rotating
i+ 1 i+1 i+1 i i i
-1
the co-ordinates by tan D according to
i
x = x + y D
i+1 i i i
(D
y = y T x D .
i+1 i i i
(2)
The (+) and (+") signs indicate that y D and x D
"" i i i i
are either added to or subtracted from the first term
-1
depending on the polarity of tan D , in which D is an
i i
arbitrary value that will be described below.
The angle and radius of the new vector P in terms
i+1
of the old vector P are
i
-1
A = A tan D
i+1 i i
2 1/2
R = K (1 + D ) ,
i+1 i i
2 1/2
where (1 + D ) represents the elongation factor of the
i










a = 5 tan D
i = i
n-1 1/2
K = TT C + D )i=0 i
Let a third variable Z be provided fcr the
-1
accumulation of the angular variations tan D so that
i
-1
Z = Z + tan D .
i + 1 i i
(3)
Solving the set of equations (1), (2), and (3) for n
iterations, the final values are
X = K (X cos a + Y sin a)
n
Y = K (Y cos a - X sin a)
n
Z = Z + a.
n
2 . Con vergen c e_S chera
e
Ihe angle A of vector P can be forced to zero by a
-1
converging seguence cf rotations, tan D , which at each
i
ster brings the vector closer to the positive x-axis. The





U. | = | | A.| - tan D. |. (4)
1+1 l l
The same idea applies to forcing the angle in Z to
zero. It can be shown that A or Z converges to within
-1
tan D of zero in n iterations [ref. 9].
n- 1
3 . Shif ting_
Ihe CORDIC technique requires the use of shifting to
effect the multiplication in equations (1) and (2). let D
i
-i
= r where r is the radix of a number system and i is any
positive integer; then a multiplication of x by D is a
i
shift of x by i places to the left. The integer i must be
-1
-i
chosen such that the angle tan r satisfies the
convergence criterion discussed above. Note that the
accuracy at the n-th iteration is approximately equal to n-1
places [ ref. 9 ].
t» CORDIC Computing Process
In the computing process iteration equations (1)
,
(2) , and (3) are used, while the direction of rotation is
-1
determined ty equation (4). The tan D constants are
i
preloaded in either degrees or radians for i=0, 1, 2, 3, . . .
.
, n.
Ihere are two computing modes, rotation and
vectoring. In the rotation mode Z is driven to zero, and in




With the circular co-crdinate system as a basis,
entering X = 1/K, * 2. = some angle Q f and using the
rotational mode, the results will te
X = cos 6
Y = sin 6
Z = 0,
which are accurate tc approximately n-1 places. In the
vectoring mode entering X=x,Y = y,Z = leads tc
2 2 1/2
X = K (x + y )
Y =
-1
Z = tan y /x ,
accurate to approximately n-1 places.
Using the linear or hyperbolic systems as a basis to
the CCBDIC technique, multiplication, divisicn, square rcot,
hyperbolic sine and ccsine, or inverse hyperbolic tangent
functions are obtained. The remaining transcendental
functions can be computed from mathematical identities
involving the COBDIC-derived functions. Reference 9
supplies more information in this area.
B. APPLYING CORDIC TECHNIQUE TO THE MCS-4
In order to solve the basic relative movement problem of
the maneuvering board, conversions between the pclar and
rectangular co-ordinate systems are required. The CCBDIC
technique is ideally suited for this task since it prcvides
the sine and cosine values of an angle in the rotation mode
2 2 1/2 -1
and (x +y ) and tan y/x in the vector mode.
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1 . Ee c in a .1 I B pie m e n ta t i o n
The MCS-4 prototype uses the fixed point decimal
number system. The CORDIC technique was developed in fixed
point decimal form to facilitate the required shifting
operation, since in this case shifting is, in effect, a
relccaticn of the decimal point.
The radix of the decimal system is ten, thus E was
i
-i -1 -i
chosen as 10 and angular steps of tan 10 are used. In
order to cttain a desired four digit accuracy, five angular
-1
-i
steps were required. The values of tan 10 decrease by
approximately 1/10 whenever i is increased by one.
To cover all angles between zero and ninety degrees,
several subiterations were required for each angular step,
as outlined in Table 1.
TABLE I
COEEIC ARCTANGENT CONSTANTS AND SUEITERATIC NS
i tan 10 Number of Subiterations
U5o 1






The number of subiterations j fcr each angular
iteration i was determined from the inequality
-1
-(i+1) -1 -i
2 tan 10 < tan 10 .
3
This was done to minimize the total number of iterations,
thus reducing the execution time of the MCS-4 prototype.
For any angular step numbered four or greater, the
-1
-i
number of subiterations will be ten. Values of tan 10
were preloaded into ROM in degrees. It shculd be pointed
out that angular values could have been represented in
radian units, but degrees were chosen to allow the user to
enter information without the need for conversion.
2. Botation Mode
In the rotation mode the sine and cosine of an input
angle ranging from zero to 360 degrees is computed. The
flow chart for this process is shown in Appendix D.
Ihe initial values are:
X = 1/K - 0. 682594516
Y =
Z = 0.




.JT (1 + 10 )
where j represents the number of subiterations for each i as
in lable I above.
Pricr to the first angular iteration of forty-five
degrees, the input angle is tested for polarity and the x,y
components rotated plus or minus ninety degrees to place the
angle in the first or fourth quadrant. This is done so that
21

at the next rotation of plus or minus forty-five degrees,
the angle will be within forty-five degrees of the positive
x-axis.
At each angular iteration, Z is tested and driven to
zero; that is, if 1 is positive, the rotation is done in the
negative direction, or if negative, rotated in the positive
direction. Ihe iteration equations are then carried out by
either addition or subtraction, and by a shift of i decimal
places to the left. After the final iteration
X = cos Z
Y =sin Z
Z = 0.
3 . V ec t c_r in^_Mode
In the vectoring mode the y component of the pseudo
vector is tested and driven to zero. This test is
equivalent to driving the vector angle A tc zero. The flow
chart for this process is shown in Appendix I . The
appropriate values are entered for X and Y with Z equal to
zerc. The output is
-1
Z = tan Y/X
2 2 1/2
.
X = K (X + Y )
Y = 0.
There are two tests made prior to the first angular
iteration. Ihe first test is to compare the input values of
Y and X. If the absolute value of Y is greater than the
absolute value of X, then the x,y coordinates are rotated
ninety degrees in a neagative direction. This procedure
will keep the truncation error of Y/X to a minimum.
Following the test X is examined to insure that it is
positive. If it is net positive, the x,y coordinates are
22

rotated 180 degrees to make X positive.
After the final iterations are done, the value of X
is multiplied by 1/K in order that X will finally contain
2 2 1/2
(X +Y ) , where K is the elongation factor previously
described.
C. OTHER IMPLEMENTATIONS OF CORDIC
Two ether approaches to the CORDIC technique are briefly
discussed. They are a decimal approach proposed in Ref. 10
and an approach described in Ref. 11 commonly used for hand




The CORDIC technique has primarily been implemented
in binary form. Schmid and Bogacki [ref. 10] demonstrate a
method cf using the CORDIC technique in decimal ferns. For
all angular steps after the first, they suggest using the
constant number of substeps, nine. This simplifies the
programming cf the algorithm, but as a result it uses a
total cf thirty-seven steps to compute trigoncnetric
functions tc five-digit accuracy. Using a constant number
of substeps is .in contrast to the decimal implementation
described above. there the number of substeps was
minimized, constrained by the convergence criterion and the
desired n- 1 place accuracy.
2. HE-_3 5_ Approach
In many small calculators compactness of cede is
more important than speed. In the HP-35 Calculator the
CORDIC algorithm is used to simultaneously generate K sin Z
and K ccs Z where K is the elongation factor. Tan Z is
derived from these by division and then sin Z and cos Z are




The sguare root function uses the conventional sum of odd
digits algorithm. The advantage of this approach is the
lack of any need to use predetermined elongation constants,
which is important in a decimal machine where the nurrter of
subiterations and the seguence of rotation constants is a
function of the data [ Ref . 11].
24

I V . I M PLE ME NTATI C
N
Software implementation is divided into two major areas,
the maneuvering board solution algorithm and the ccntrol
program. The maneuvering board solution algorithm is the
heart of the software system. To be executed sucessfully,
the maneuvering board algorithm must have inputs which are
complete and within certain bounds. An extensive ccntrol
program is reguired to protect the user from misuse and to
insure all necessary input values are supplied before the
maneuvering board solution algorithm can be called.
Additionally, the control program facilitates stcrage of
observed data for multiple contacts.
A. HARDWARE CONSIDERATIONS
The concept of solving Navy problems with microcomputers
is in no way dependent upon the capabilities and
characteristics of a particular manufacturer's product.
Several factors, however, led to the selection of the Intel
MCS-4 Micro Computer Set as the prototype hardware fcr the
maneuvering toard computer. Ihe computer set is relatively
inexpensive and was available at the Naval Postgraduate
School, along with a good library of associated utility
software and an interactive assembler/simulator running
under CP/CMS on the School's IBM 360/67, as described in
Ref . 12. The Intel product operates using programmable
read-only-memory (FROM) , allowing construction of a
functioning prototype without the added expense of ROM
etching. After selection of the MCS-U, several
implementation decisions made during development cf the




The COREIC algorithm is essential to the implementation
of the maneuvering board solution described below. CCREIC,
in turn, requires an efficient shifting operation. The
MCS-4 is a hexadecimal machine: binary shifting is
cumbersome and time consuming. For this reason, and because
input by the user is in the form of decimal digits, numbers
are stored and manipulated in decimal character form through
use of the machine's decimal adjust instruction. The
random-access- memory (RAM) of the MCS-4 is organized and
addressable in sixteen-byte blocks or registers. For this
reason, and because all values involved in computation fall
within a narrow enough range, fixed point representation of
numbers was chosen as the simplest and least time consuming
for manipulation. The largest input value in any
maneuvering board problem is a contact's range, practically
limited hy search radar to approximately one hundred
thousand yards. All numbers, therefore, are represented as
sixteen-digit decimals in tens-complement form, seven digits
before the decimal point and nine after.
Reference 13 is a complete description of the MCS-4
hardware and a full explanation of its instruction set.
B. MANEUVERING BOARD SOLUTION ALGORITHM
The maneuvering board algorithm was designed to solve
the basic relative movement problem described above. With
this algorithm closest point of approach prolleras,
stationing problems given time to station, and intecept
problems can be solved. The algorithm utilizes conversion
between polar and rectangular co-ordinates, together with
vector addition and subtraction to solve the basic
maneuvering board problem. The decision to use this method
rather than using the Law of Cosines and the Law of Sines
was based upon the realization that the CCRDIC algorithm
neatly provides the cosine and sine of an input angle in the
26

2 2 1/2 -1
rotational mode and (x +y ) and tan y/x in the vector
mode. These functions are necessary in conversion from
pclar to rectangular co-ordinates and back again. The flow
chart for the maneuvering board solution algorithm is found
in Appendix F.
1 • Sclutign_gf the^Relative Plot
Let the following be inputs: own ship's course, CO,
speed, SO, and two positions in time; that is, bearing, B1,
E2, range, Rl, R2, and time, 11, T2. The first step is to
convert the positions to rectangular co-ordinates:
X1 = R1 cos B1
Y1 = R1 sin B1
X2 = R2 cos B2
Y2 = R2 sin B2.
Considering X1, Y1 and X2, Y2 as the x,y conpcnents
of two vectors, V and W respectively, the relative motion
line can he considered as the vector derived from the
subtraction of vector V from vector W. Thus the x,y
components of the relative motion line are
XO = X2 - X1
YO = Y2 - Y1.
Since the guotient YO/XO represents the slope of the
relative motion line, YO and XO are compared to avcid a
possibly infinite slope. If |Y0| is greater than | XO j , then
the x,y components are rotated ninety degrees and the slope
M = YO/XO is computed. The direction of relative motion
(DRE) and the speed of relative motion (SRM) are then found
by converting the x,y components of the relative motion line




DRM = tan (YO/XO)
2 2 1/2
SRM = JXC + YC )
The closest point of approach can be solved for in
rectangular co-ordinates as the intersection of the relative
motion line having slope M and passing through points
(X1,Y1) and (X2 # Y2) and a line perpendicular to the relative
motion line which passes through the origin and has slope
-1/M. Specifically,
2
XCPA = X1 M - Y1 M
YCPA = II - XI M.
The rectangular co-ordinates of the closest point of
approach are then converted to pclar co-ordinates, Yielding
the range and bearing of CPA
2 2 1/2
CPA Range = (XCPA + YCPA )
-1
CPA Bearing = tan (YCPA/XCPA)
,
where the time of CPA is
2 2 1/2






Sol u tion_o f_t he_S£eed_Tr ian^l§
Considering that the speed triangle is a triangle of
three vectors and that the maneuvering ship's course and
speed represent one of these vectors, then the maneuvering
ship's course and speed can be found as the resultant of the
other two.
The basic ideas described above are used again
except that speed replaces distance as the magnitude of the
vectors. The polar forms of the two known vectors are
transformed to rectangular co-ordinates.
Given own ship's course (CO), own ship's speed (SO),
speed of relative motion (SEM) , and direction of relative
motion (DRM) , then
X1 = SO cos CO
Y1 = SO sin CO
X2 = SEM cos DBS
Y2 = SRM sin DRM.
Thus the x,y components of the maneuvering ship's
vector are X1 + X2 and Y1 + Y2 where the maneuvering ship's
speed is
' 2 2 1/2
[ (X1 + X2) + (Y1 + Y2) ]
and the course is
-1
tan (Y1 + Y2 / X1 + X2) .
C. THE CCN1R0L PROGRAM
The CEA algorithm and other routines invoked as reguired
by the actions of the user are controlled by and imtedded
29

within a constantly executing, continuously looping control
program. The flow of control is determined by the user's
depressing one of twenty-five keys. The control loop
constantly gueries the keyboard input until a key depression
is detected, and then branches program control to a
corresponding secticn of code. Upon completion of the
selected function, control returns to the keyboard guery
loop.
Although only five bits are reguired to specify which
key has been depressed, the control program is written for a
keyboard with a six .bit output, the sixth bit being en when
and only when a key is actually depressed. The control
program therefore reads two four-bit ROM input pcrts in
sequence, the first containing the indicator bit ard one
identification bit, the second containing the four remaining
identification bits. The five identification bits are used
as an index into a table of branch instructions to routines
corresponding to the keys.
The ccntrcl program performs two additional functions.
The guery loop, while waiting for a key tc be depressed,
repeatedly invokes a subroutine to display the current
digital output. After a key has been depressed, the control
loop zeroes the information on a particular ROM output port.
One bit on this pert is used to indicate to the user an
incorrectly selected key. The key routines are heavily
interactive, and any key depressed out cf proper seguence
will cause this bit to be turned on, activating an error
light.
Details of the control program's logic are provided in
Appendix B.
D. THE DISPLAY INTERFACE
Output to the user is provided in two forms: the error
light previously described and a sixteen digit light
emitting diode (LED) display. The routine controlling this
30

display is dependent upon the hardware used. The interface
to this routine, however, is determined independently.
Prior to invoking this routine, the information to be
displayed must be placed in a RAM register in the following
manner: the rightmost digit of the display must be the low
order digit (digit zero) in the RAM register, and
correspondingly the leftmost digit must be in the high order
location (digit fifteen). The decimal points of the LED's
are lighted by the display routine according to the contents
of the sixteen bits of the RAM register's four status
characters. The leftmost bit of status character zerc being
on indicates that the decimal point in front of the low
order digit is to be lighted. Correspondingly, the
rightmost bit of status character three controls the decimal
point in front of the high order character. Finally, the
address of the RAM register to be displayed must le placed
in the particular CPU index register pair required by the
display routine. Since the display hardware is assumed to
have no memory, the display routine must be invoked ever and
over at a rapid rate to achieve sufficient brightness and to
avoid flicker.
The particular display routine for the prototype machine
is available in the program listing, annotated *.ith an
explanation of the basic hardware and how it is used.
Another display scheme is described in Ref. 14, included in





In cesicning the software for the MCS-4 prototype, the
three most inportant considerations were execution time,
memory size, and user interaction. As a result, the
maneuvering toard algorithm was written to solve the basic
relative motion problem only. Since all of the maneuvering
board prcfcleos use this basic solution, or at least part of
it, the algorithm provides the solution foundation fcr all
related problems.
A. RESULTS
Presently the MCS-4 prototype will handle all input
information for ten simultaneous contacts, and it can be
used to solve the CPA problem, the stationing problem given
time to station, and the intercept problem. These prcblems
are solved in 4.5 seconds of execution for all five items of
output information. This relatively fast solution time is
largely due to the speed of the transcendental COEDIC
functions developed for this computer as described above:
the rotation mode yields sine and cosine in approximately
360 milliseconds, while the arctan/modulus function takes
about 410 milliseconds. Additionally, output information is
displayed, not one item at a time, but in sets of associated
information: the course and speed comprise one set, and the
CPA range, bearing, and time, the other.
As a demonstration of the capability of this prototype,
several example problems were worked on the Maneuvering
Board (H.C. 2665-10) and compared with the prototype's
output. Differences between the two methods of solution are
less than one degree in course or bearing, one minute in
time, one hundred yards in range, and one-half knot in
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speed. Ihe accuracy of the nicrocompu ter ' s outputs has also
been verified through comparison with the answers frcvided
by a FORTRAN simulation of the maneuvering board algorithm
written for debugging purposes during implementation cf the
prototype. Table II illustrates comparisons for three
example CEA problems.
Three additional points reguire explanation. for CPA
solutions where both maneuvering ship positions are exactly
the same but at different times, the MCS-4 prototype
solution appears to be in error as to the closest point of
approach. In this special situation the solution is simply
that the maneuvering and reference ship are on the same
course and speed and that the maneuvering ship is constantly
at CPA. The prototype's software was designed to compute
the CPA point as the intersection of two straight line, and
therefore will not handle a case where one of the lines is
actually a point. The maneuvering board algorithm cculd be
modified to handle this situation, but since this rarely
occurs, and since the solution is immediately apparent to
the trained operator, it was not incorporated.
The second point pertains to the inability to sclve a
stationing problem given speed to station. This problem
requires solution for the x,y components of the maneuvering
ship's vector where the magnitude (speed) of the maneuvering
ship's vector is known, but the magnitude of the relative
motion vector cannot be obtained using the methods described
above. The maneuvering board algorithm finds the speed of
relative motion by using the time between observations as a
divisor. Since the time on station is not an input value,
this time difference is not available. The ccirparable
manual solution technique requires swinging an arc of radius
egual to the stationing speed to find its intersection with
the relative motion vector, thereby defining the rm vector.
Finally, the ability to solve true wind problems cculd
have been incorporated in the prototype, but the need for





PROBLEM ONE PROBLEM TWC PROBLEM TKREE
JEFfRENCE SHIP.
Course 350° 000O 025O
Speed 15 kts 14.5 kts 20 kts
MANEUVERING SHIP
Position 1
Time 0910 140 1400
Bearing 0120 103O 340O
Range 27,600 yds 14,000 yds 27,000 yds
Position 2
Time 0920 1429 1406
Bearing 000O 148 330O
Range 22,000 yds 14,000 yds 18,800 yds
MANEUVERING ECARD
SOLUTION
CPA Bearing 3190 (past 27 10
CPA Range 16,500 yds 9,800 yds
CPA Time 0939 CPA) 1416.8
Course 2690 3110 1650
Speed 20 kts 8.5 kts 28.5 kts
MCS-4 PROTOTYPE
SOLUTION
CPA Bearing 318.90 (past 27 10
CPA Range 16,594 yds 9,695 yds
CPA Time 0938.9 CPA) 1416.8
Course 269.30 310.30 164.40
Speed 19.8 kts 8.4 kts 28.3 kts
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implementation. Irue wind problems require no relative
plot, and hence would utilize only that portion cf the
maneuvering toard algorithm dealing with the speed triangle.
Examples of stationing given time tc station and
intercept problems are provided in Appendix A, the users'
guide tc the prototype machine. Cost estimates are
presented in Appendix C.
B. FUTUEE HCBK
The maneuvering toard computer can be a valuable tccl to
Navy users as iirplemented. Several extensions are possible,
however, in both software and hardware.
Certain software features have not been implemented for
lack of time. The ability to display data previously
entered cculd be added most guickly. The ability to compute
the reciprocal of a bearing may be of use while entering
data in a stationing problem, where own ship's bearing from
another ship is required. A more significant improvement
would be the ability to compute stationing course given
stationing speed instead of time to station, tut this
requires a second solution algorithm with different inputs
as described previously.
The system can be modified to handle more than ten
contacts. This would require reallocating one cf the
sixteen display digits to the contact identification number.
Each additional contact requires two additional RAM
registers, or half of a RAM chip.
Alternate hardware methods of input/output could
significantly improve the maneuvering beard microcomputer as
a total system. The present keyboard input could be largely
supplanted by microcomputer-controlled analog- tc-digital
converted outputs taken directly from the radar's cursor
circuits and a real-time clock. Similarly, output cculd
take the fcrm of a video display whose input is prepared by
a microcomputer-controlled digital-to- analog conversion of
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the presently available digital output. These features
could be inplemented inexpensively using independent
microprocessors; the maneuvering board computer, handling a
more complex problem, requires only thirteen BOM chips, nine
RAM's, and a single-chip CPU.
The results of this thesis indicate that microcomputer





US EES' GUIDE TO MANEUVERING EOARD COMPUT ER
This guide to the MCS-4 prototype maneuvering beard
computer is divided into two sections. The first part
consists cf instructions to the user and a description of
the interactive responses the user may expect in solving CPA
problems. Ihe second section contains examples of other
types of maneuvering board problems and directions en how
the prototype computer can be used for their solution.
A. THE EASIC CPA PROBLEM
In all maneuvering board problems the identification of
both a reference ship and a maneuvering ship is reguired.
In a CPA problem the reference ship is the user's own ship,
and the maneuvering ship is a contact whose range and
bearing are known.
When the machine is first energized, the
reinitialization button located on the body of the MCS-4
should be depressed. Then, or at any other time desired by
the user, this button erases all stored information, rlanks
the display, and restarts the itternal program.
In the instructions below, keys are identified by the
symbols used in Figure 2, the keyboard/display organization
schematic. The locations of the various information items
in the LEE display are indicated in Figure 2 by these same
key indentif ication symbols.
There are two types of data which must be entered and
stored prior to any solution. The reference ship's data
consists cf a course and speed. The maneuvering ship's data
consists of an identification number, time, bearing, and
range for each of two observations.
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Certain instructions are common for all six items of
input information. Depressing the item's i^nput key
terminates the entry of any previous item and enables the
number keys; there is no visible interaction. For each item
at least one number must be entered before a different input
key can be depressed. An incorrectly entered item can be
erased from the display by depressing that item's input key
again. For each item there is a maximum number of digits
which can be entered. All but range and contact
identification number can have an additional digit after a
decimal pcirt. After at least one digit has been entered,
the decimal point key may be depressed, followed by cne more
digit. Although the user has displayed a decimal point, a
digit dees net have to follow; a zero will be assumed.
To enter own ship's information, first depress either
the speed (S) or course (C) key: these items may be entered
in either order. Speed may have up to two digits to the
left of a decimal point, course three. Speed is measured in
PHOTOTYPE KEYBOARE/DISPLAY SCHEMATIC
LED DISPLAY






























kncts, course in degrees between zero and 360. Leading
zeroes are assumed. When course and speed have not yet been
entered after a reinitialization, both roust be entered at
the same time. When course and speed appear correctly on
the display, depress the own ship (OS) key. The display
will then be blanked, indicating proper storage. Ncte that
once either the C cr S key has been depressed, the N, 1, B,
and R keys cannot be depressed without error until the OS
key has been depressed successfully or until the CLEARKEY
key is depressed. CLEARKEY clears the display whenever it
is depressed, thus erasing any entries which have net been
stored. At any time a key is depressed cut of acceptable
sequence, the error indicator will light and remain lit
until a vaild key selection is made.
Contact number (N) , time (T) , bearing (E) , and range (S)
keys function similarly to C and S. N will take only one
digit, between zero and nine. T takes four digits tc the
left of a decimal point, measuring time on a twenty-four
hour clock. The digit after the decimal point represents
tenths of minutes and is optional. B takes three digits,
again measured in degrees from zero to 360. R takes up to
six digits, and is measured in yards. Leading zeroes are
assumed. These four items may be entered in any order, and
once all four are correctly displayed, they may be stcred by
depressing either the first (1ST) or second (2ND)
observation key, as appropriate. Note that depressing 2ND
will generate an errcr and will rot blank the displaj if a
first cbservation has not already been stored for the
contact whose number appears in the display. Again, once
one of these four keys is depressed, C and S cannot be
depressed without error until 1ST, 2ND, or CLEARKEY has been
successfully selected.
To compute CPA information for a contact, first enter
only the contact's identification number in the display,
then depress the COMPUTE key. If two observations for this
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contact and the reference ship's data have been stored
previously, the display will be blanked, and after 4.5
seconds the contact's number will reappear along with its
time, bearing, and range of CPA. If the time cf the
contact's CPA is earlier than the time of its second
observation, the contact is past CPA and the display will
remain fclank except for two decimal points. In either case
depressing the "targetship" (TS) key will display the
contact's course and speed. The CPA key will return the CPA
output data to the display. Since CLEARKEY merely erases
the display, TS and CPA can be successfully selected after
CLEARKEY.
After computation on a contact, either the first or
seccnd observation data can be saved to be used as the first
observation for a later CPA calculation. Depress either 1ST
or 2ND, as appropriate, followed by SAVE. 1ST or 2ND after
a COMPUTE, and only then, will blank all of the display
except the contact number and display a one or a two as the
rightmost digit. SAVE will blank the display and store the
designated data as a new first observation. TS and CPA
remain enabled. After a COMPUTE, depressing C, S, N, T, B,
or E will clear the display and disable CPA, TS, 1ST, 2ND,
and SAVE.
Any stored contact observation may be overwritten ty the
user in the manner of a normal entry described above. After
own ship's course and speed have once been entered following
a reinitialization, then only one or the other need be
entered if either trust be changed. In this circumstance,
however, all contact observation data is erased. To obtain
valid solutions, all observations and computations must be
made for a reference ship on a constant course and speed.
As a general rule, if observation data and new reference
ship data are available for entry at the same time, enter
reference ship's data first.
The computer will store data for up to ten contacts.
Solutions for the ten contacts may be computed in any order.
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E. EXAMFIES OF USE OF THE MCS-4 PROTOTYPE
As indicated above the MCS-4 prototype is primarily used
for CPA solutions, but it can also be used for intercept,
stationing given time to station, and collision avoidance
problems. ihe sample problems below are used to illustrate
how the MCS-4 prototype can be employed.
1 • lUi^rcept^Frobl em
Consider a ship contact which is on a course of 200°
at a speed of 10 knots. Its bearing and range at time 1010
are 340° and 15,000 yards from own ship. At time 1010
maneuver own ship to intercept the ship contact at time
1100.
The solution procedure is to consider the ship
contact as the reference ship and own ship as the
maneuvering ship. Enter course 200°, speed 10 knots using
the C, S, and OS command keys. Since the contact is the
reference ship, enter the reciprocal of the first tearing,
160°, the range of 15,00C yards, the time of 1010, and the
contact number. Command keys B, R, T, N, and 1ST are used.
Next enter as the second position a bearing of 160°, a range
of one yard, the time of 1100, and the same contact number.
Command keys B, R, T, N, and 2ND are used.
Tc compute the soluticn, enter the contact number
and depress the COMPUTE key. A CPA of zero yards at time
1100 will be displayed. For the intercept ccurse and speed
depress the IS command key. The course and speed of 261.7°
and 6.5 knots will be displayed.
A solution of 262° and 6.6 knots was obtained when
working the above problem on the Maneuvering Eoard.
2 • Stationing
>
Given Time to Stat ion Prcblem
Consider a ship contact which is on a course of 160°
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at a speed of 18 knots. Its bearing and range from cwd ship
are 020° and 16,000 yards at time 1320. hx. 1320 maneuver
own ship to take station so that the ship contact bears 070°
at a range of 2,000 yards at time 1350.
Again the solution procedure is to consider the ship
contact as the reference ship and own ship as the
maneuvering ship. Enter a course of 160° and a speed of 18
knots. Since the ship contact is now the reference ship
enter the reciprical bearing 200°, range 16,000 yards, time
1320, and the contact number for the first position. Next
ejnter the reciprical bearing 250°, range 2,000 yards, time
1350, and the same contact number for the second position.
For solution results, enter the contact number and
depress the COMPUTE command key. Once the CPA results are
displayed depress the TS command key to obtain the course
and speed to station. The course and speed of 104.7° and
10.0 knots will be displayed.
A solution of 104° and 10.1 knots was obtained when
working the above problem on the Maneuvering Board.
3- Collision A voidance_ Problems
Collision avoidance problems are situations uhere a
ship contact is determined to be holding a steady bearing or
a very slight bearing drift with a decreasing range. In
this situation the MCS-4 prototype can be used to determine
a course and speed which will open the CPA range. If some
specified time is given, for example the tine the collision
is expected to occur, the collision avoidance problem is
exactly a stationing problem given time to station. The
ship contact is treated as the reference ship and its
reciprocal bearings are entered. The second position data
is entered as the desired closest point of approach of the
ship contact at the expected collision time.
Note that in solving any of these ncn-CPA prctlems,
entering a contact's course and speed as the reference
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ship's data will, for the reasons described above, erase all




CONTROL PROGRAM LOGIC DESCRIPTION
the control program is described below in terms of its
logical flags and counters and the functions performed when
each key is depressed by a user.
A- FLAGS ANE COUNTERS
Before a CPA solution can be determined for a particular
contact, eight separate inputs must be stored in the
computer. The flags and counters described below are used
to guide the input of information and the execution of the
CPA algorithm.
1. Eor roat_Fla.gs
Inputs to the machine are made in one cf two
foraats. The first corresponds to the four pieces of
information reguired to represent the observation of a
contact: the contact's identification number, the time of
observation, its bearing, and its range. The second format
is used for entering the reference ship's course and speed.
There is a flag corresponding to each format, set when
information making up that format is being entered.
2 • Selection_Elags
When information is being input to the computer, one
of six selection flags will be set, corresponding to the
particular item being entered.
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3 . I nru t_Fla_gs
Six input flags correspond to the six selection
flags. Ihese flags are set when a sufficient nuirter of
digits for the current item has been entered.
**
- S torag_e_Flags
A flag is set when the contents of a complete format
is entered into storage. One storage flag indicates that
the reference ship's course and speed have been entered.
The twenty ether storage flags, two for each of ten possible
contacts, are used to indicate the storage of first and
secend observations' data.
5- l]}e_Becimal_Pcint Flag
A decimal point may be reguested only ence for a
given input item, and a flag is set when this reguest has
been made.
6 • The_ goluticn^Flag
When the CPA algorithm is executed, a solution flag
is set indicating that output information is available for
display.
7. Counters
Two CPU registers are used as counters indicating
the maximum number of digits allowed and the minimum number
reguired for a particular input.
E. THE KEYBOARD
Twenty-five functional and numeric keys are reguired for




Ihere are six input keys corresponding to the six
types of input information: contact identification number,
time cf observation, its bearing and range, and the
reference ship's course and speed. Each key performs the
following functions:
a. Each verifies that the format flag for the
fcmat not corresponding to the key is not set. Otherwise,
it indicates an error and returns to the ccntrcl locp.
b. Each then verifies that the minimum number of
digits fcr the preceding input item has been supplied, or
ascertains that the preceding item is also the item just
selected. Otherwise., it indicates an error and returns to
the ccntrcl lccp.
c. Ihe key then resets all selection flags, the
decimal flag, and the input flag corresponding to the item
selected. It sets the format flag and the selection flag
corresponding to the item selected. If the solution flag is
set, it resets that flag and blanks the entire display;
otherwise, it blanks that portion of the display
corresponding to the item selected.
d. Finally, it initializes various CPU registers
as reguired to prepare the display for the digits which will
follow.
2- Stprage^Keys
The three storage keys correspond to the first and
second observations of a contact, and to the reference
ship's course and speed data. The following common
functions are performed by each of the three keys:
a. Each verifies that all input flags reguired by
the corresponding format are set. Otherwise, it indicates
an error and returns to the control loop.




c. It blanks the display.
There are significant differences among the storage
key routines. As a protection against error by the user,
infcrmaticn for a second observation will not be stored
unless data from a first observation has already been
entered. Otherwise, an error condition will be signaled.
The reference ship storage function is complicated
by two factors. First, once the reference ship's course and
speed have been entered, the user may desire to change only
one or the ether. Conseguently, if the course and speed
storage flag is already set, only one or the other item is
reguired. Second, the CPA algorithm is based on all
observations being made while the reference ship mairtains a
constant course and speed. Conseguently, if the reference
ship course and speed storage flag is set, entering a course
or speed change will reset the storage flags for all
Observations on all contacts.
Finally, the first and second observation keys have
a secondary function in connection with the save key
described below. Conseguently, if the solution flag is set,
depressing one of these keys will load a CPU register with a
value indicating which key has been depressed, and the
normal function of the key will be suppressed.
3- lJ2e_£om£ute_Key
The following functions are performed by the compute
key
:
a. It verifies that only a contact identification
number is presently entered in the display, and that storage
flags for the reference ship's data and both observations
for the indicated contact are set. Otherwise, it indicates
an error and returns to the control loop.
b. It transfers contact observation data and
reference ship's data to RAM register locations as reguired
by the CEA algorithm, and executes the algorithm.
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c. It sets the solution and reference ship's
course and speed flags, resets all other flags except
observation flags for other contacts, and restores the
reference ship' s data to the RAM register location reguired
by the ccntrcl program.
d. It zeroes all counters, and reinitializes the
CPU registers as reguired by the control program.
e. finally, it displays the contact's number and
the time, range, and bearing of its CPA.
4 . Cutput Keys
Ihe two output keys first verify that the solution
flag is set, and then display the reguested information.
Otherwise an error will be indicated. The CPA key displays
the contact identification number and the time, range, and
bearing of its CPA. The "targetship" key will display the
contact's identification number and its course and speed.
5 • Ihe Save Key
After executing the CPA algorithm for a selected
contact, the user has the option of saving the contact's
first or second observation data for future use. The save
key performs the following functions:
a. It verifies that the solution flag is set and
that either the first or second observation key has been
depressed
. Otherwise, it indicates an error and returns to
the contrcl lecp.
1). If the second observation key has been
depressed, it transfers the seccnd observation data to the
solution contact's first observation RAM location, thus
destroying the first observation information.
c. It resets the first observation location
storage flag for the solution contact.
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6 . Clear_ Display.Kgy and _Beinit.iali2ati.cn Button
The clear display key blanks the display and resets
all flags except storage flags. This is to te distirguished
from the reinitialization button, a hardware feature cf the
MCS-4 microcomputer set which first zeroes memory and all
CPU registers, and then restarts the program.
7 . 1 h e__ D e ci m a 1__P cin
_____
Kej_
The decimal point key verifies that the decimal
point flag is not set and that the minimum number of digits
reguired for the current input item have been entered.
Otherwise, an error is indicated and the control returns to
the ccntrcl loop. The decimal point is then displayed in a
position corresponding to the present input, and the decimal
point flag is set.
8- Ihe Number Keys
There are ten digit keys, each performing the same
functions:
a. Each verifies that digits may te entered by
inspecting the minimum digit counter: unless a selection
key has been depressed, this counter will indicate that the
maximum number of digits has already been entered.
Otherwise, it indicates an error and returns.
b. It increments the maximum digit counter.
c. If the decimal point flag is set, it displays
the newly selected digit to the right of the decimal point.
Otherwise, it enters the new digit to the left cf the
decimal pcint, shifting the already entered digits left.
d. If the minimum number of digits has not already
been entered, it increments the minimum digit counter. If
the minimum cumber of digits has now been achieved, it sets




ESTIMATES OF MANUFACTURING COSTS

























































$ COST PER UNIT IN QUANTITY RAN-GE









$727.50 $455. 00 $190.00
Note: A six hundred dollar initial etching cost per BOM,
totaling $7800 regardless of quantity,, was not included in
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Y1 = R1 sin 51
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DRM = tan Y/X
2 2 1/2
SRM = (X +Y ) /(T2-T1)
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CPA E = (XCPA +YCPA )
-1
CPA B = tan YCPA/XCPA
2 2 1/2
CEA T = LIXCPA-XT). +JYCP A-Y1]__J + T1
XO = OS cos OC
YO = OS sin OC
X1 = SRM cos DRM






SPEED = (X2 +Y2 )
-1















•* »«> a: O
2- z f- t*> • * X
<J. 3 00 O O





00 a <l •—
4
• •>
X <i 1- z
-J LU > ^ • »* »
a: qui rsi —J
•A
_J M 00 O J • A
s <i LUO Q • «. Q
UL <£ •»> (J CC LUUJLU
B h- •*0 •*<£h- • •* ••>> XXO->.»
•KJ O~0Z OUJOO • •» X. OO LU <3.LU
X xz UJ -! alii X LU XM xsaicoO <x 00 ""O O X M_IO
_J s> 00—JZ X -LU 3 z uz Zllujq;
UJ LU<3 UZI —
1
zo X XH-
«* ••>*£ ocao •••xjzo •*. -»-> Z>.» 00
CO a. cq <i i_i UJ K->-ZO
a •* UJ LU ••• 1— ••>L_),>- ••> _) • VI • •» LU<1 UJ^
h-2LX OXX O.X H-X aj •* .—1^ X_JLUid
XJ.UJ OO LJOj—irvj JLO <t LU ox LLOJU
UO-JC) LUOCI— x—
'
O-J I— CJ O O0V> LU




_J • ••UJ • »• •—< •••(— _J«» 00 00 >-o«- ZQ<U
2: « •» 0^ QUO C0<00~> < < x^ OX'JJ •-« X
< .*oxx< •> (— CXI— 1 of- XX UJ • «rvl _l h-00 >-
x > "s:lu st > • u 00 CD CJ ...CO 3^>-0 ••
<y.2.xo eu >o>- OLUO XO t- 2: XZ—»<1 LJ->LUr>jQ. ••>
CJ —JOXX •>(_) LUCXLU i/)aY<i XX *-H O • OXI— X iji^LJUJ
X u iluoolux ^:oo^ - 00 IX LUOO cu •••^ouj-j •• l_jCU»»
a. 00 2:h- >• LU aj cx—J uo LUlULU^i_JCJUJ
t-(.*U_ • ••—<0O «t 1>»X «*(X UJ ••'X ••• UL ••> <<>- .•.Qh- '••-JlQXO X—
i
_) or LL = i-ouj>d: a *: = 3X u.r V-t—OO ••Q<ZOuDO 3-5 -h-JJO OOO Z(0<U.OU.''- O00Q 00 <>- rv| Z LUX •-•X <X LO O000<
(X :*:o -4-t— ^cj_j —1 miuo a: <r QLU -'O ••• H-t— ••LU^ih-
h- z: z = wuaah: h-h-x = lu z = ^Z -OOCLZ o0LU_j>O
z < X a£UJH-00>~• •-<•—'O ^.»» •>x UJ O •*000_J5T^-_JO^< LULUJUDOhIoO'-•<<lO<<rt—<<000<« •HO 0~?OX<0 3-3-JZ <X UL X X
ouxt— xllo^Q-SX js-sooxs-xxt—a;coa xlu <^i "OK-
•»•(_) CC " CU«*«» •• o ••
XX 2- ST 2. 51 21 ZLU^ '2.2:2:00 2: 2: £.0X2:2: 5I2:_J02.o^2.(\J5.LU2:X2:Z2:
UJOO)wUjMUUDX2:ujHHUJ2uJ'-<LIJ(rOUJi-<Q'ilw<20_IOliJOl.UXUJQaJDUJ
XZXLLX.U_X -50-JXU_X~>XLLXO')XXLI IX U-X-'^OOXOXO XX X~3X





















II o oS ••> •* LIJ 1-1
U- OC CL QC |-O UJ 21 D_ <l
UJ J. LU •> O
QC »— h- (NJ U
•* O •• S -H _lH Z ••» O U- II
.-t < Q.'" (J (X UJ
II S2Z-J UJ 2 O
2. O UJQCCD (X O <l
U. h- \—j£CQ Q. UJ CC
:*c .. oc u
_j v^ x*"'*- S. - I—
cu o uaoo u. o 00
•• O X2.Z O ~t
ro _j uj< uj 11 u
—
«
co ••>!— ex oc uj 1—
It 3E f- •> a
o 2: 00*: 2. a oc
I— <t QC_IO u_ O UJ
o oc u ^ X CD
lu .»>.^_j _j _j a.
QC UJ i.UCU u m J
U. <C U-h- •» »• <L







2: qcqco o 11 uj
II O UJ UJ QC CD
• •> • « •»> • •••», •» ••> O QC OOQC (X 2 QC
UJ UJ UJ UJUJ UJ UJ ••> I— IL QCoCO- a. o <
CD CU ffl COOJ CO CD QC CD'" wt/i •• QC H-
LJ l_) CJ UU •»LJ l_J UJ UJCT* QC ^ LJ <




H H- I— »^l— I— •-<(- K- 2. ••O- U_ —I_J'-h O •• OC
00 (/)««<o0>-ooo0 ••••. ••X(/) 00 D OS 00 OO UJ O UJ
o.«.*.».«.^.*.*.^.*u_jcjujou.»ujcl.* 0000 a •- z *-^uj z»QQ" qc 11 >2 QC OC QC OC QC QC QC QC OCZ<Z i^Z^QC I— "--UJ ""-ZV-Z ZO.o h- III— < OO 2- - CC Z.
>^uJujujujujujujujujiC5:i^oc^:i«cujijXLo««<Quj—tujid ^21- •••uj o •• cc<z .•••u. o z a
O^CDcQCQc0c0cQaJC0O~«O<OOCD0-00QClJJUJOaCCi)O "OOoOLUO I— [*- (— <2IOO I- I— O
••uj2:2:2:2:2:5:2:22:ujoujujujuj2:2:zz)>ujz<qcuj<ujo.tc2:qc ^: n ocllh-uj ^ zCOIDDjDJDjODIUJXJlID03;Q<a<iU<iaiUJwM< _)5I Oh-^i^oC -J O O
<uzzzzi:z2ZZuauo(Juzuuow^Q;cui-ouo^u-^i- cou. i— ^: i —ia_ cq o i—
t- O UCQCD
>zzzzzzzzz-czzzzzzzz^zzz2^zzzzzz-cz zlu 2:0 o z z 2:UJDDDDJJDOJDJODJDJDD-JDDDZIDDDDDDDDD >-QC ijjJQQZ >- > UJ
>C -> -)-> -)->-> ~) -)-) ~i —} —) ~i —)—) ~) -}-}~)->~)~>->~i~) ->-)-)-} ~3 ~)~i tOQ- QCCU-J-Ji-i 00 00 QC
<<OUJO(NJ^"Ooo<oujoog>3"vOoo<c_)ujoc\j<r oco<ouJO(\j>roco<<<<<<<u_^co(x>a)oococD
^^^^^^u^LOLnLnuoonvUsOvOsO^^<>^r^r^i^r^i^r^r^f^OTcooocuco«»o3CDw00000000OOooooooooo0000 00oooo0000 <->o ooo<->oo00 o<~>ooo
00000000000000000000000 0000000000000000000000000000000000000000000000000000000000000000000000000
^>T\Oouoc\j>r<)CDOc\jvr^oaDOr\j^T^cooi\i<rsUOTOc\iN^voa30CNj^














• •» O fll <
o z z _l
-J h- < 00 < U-
^ CC cc 2. CC









Z H :x > 00 z LL 00 00 . CC3 Z •• _j z u. a z LU O
•»"> U £X •» z ••1 -) s -J z H- O





^«" .O 00 • z LU t 4* h- -J
-JUJ QOLLI z a: 1- s Q CO s =3 O LL
CDQ Q CC i_» LL _) 2: LU O LUU <_ja _i O s z • *. CC LUOI—
>-o aj •» > •d • f> *c «•* a CC Q.<1<
o^: • »ojcx •«i < M z O Z2. z CC > O0_lZ
m_j CC z ic _j CC 00 OCC < 3: LU LL CC
ZcO Z "-O a. Z _J \- -JjS iC • a




•«>o UJU • *>•«* z LT> > <<a <
oo <lO •« O Q COOX O0 LU coo *y. ^^ mx 2-O-J
-?;><. • »>t— UULU <3. • •» CC -i> U.CC aj ••> t—i LU CX. LULL
LU CX.CJ rvl LU 2. ._l .*. ~"<L t— 2. UQ OOUILU
• •"•*LJ(_)Li.LJ •«. <C ••« cc U J_OJ«=l 00 J_LJ 2.X (_> LU<C CCLLLLt—
CCCMOQ O 00 O 1—4 a: (_)<-U CC OCC <o _J 2.LU ••3 o-j^
z o<x*: m Z 1— X ZLU Xl>0 • »• cc»—t CCCL OOOZ •-»OS^ O—l O O-J z.* » t#.Q <ao r^ _i • ^ OCL ^oooo
CCQ—l"-XC0 -)CO LUQ O • •>(N-J • •«•** CC z < U_< wza.
<_JcOcC * O CO LU a: occ >-o —iv0 3: ••> -.CC CC ••> CC JQ.H<
H Z "-CC h- • * u_^: .£ ••> <h- cc LU <o LU UJZ _J>-h<1 _l
"•XOO-=C <L ••> *-<<c z • t*Z _J 2. • «»cu ZCC OCO CL—i UI>IU<
coccoce o O0 2.LL <*. cc o<-*u 0_«£ ou r-^l_J a. CCO LLOOQLOOi.3i:x<io: - O-^ 00—1 00 _JCCO l/)o _I_JCCCC OLU 00 CC 00O LU CC*~*
oo hU<l u_ _> UJCQ .SS »—4 »—
1
jCh- Y- f— ^:lu OOZ003^-»
or • • JH • •% z • •» A Qh •»••! 00 Z • »oo OCO < JE COO LU




-J '-CC LU oce ZCO OZOOcC 00> 000^: •-Z 002 H-CC 00
o 2: az O CC CC cMceoce iCCC OOCCiC vOcc 00 o-shiC OO 1 1 1 1
ks:iq..2i- z M UJh- • •r 2 = :£Z ZLU «• — z i?o iroz OS .<C00 <UIQOJZOZ < • *oo l-OOJ t—
4
<00LU >III LU r\j v-cc LU r>Lu _JO~*<Nrn
i^JX h-HjjU X 0«-< aiDOO' ..0 ••"LL •* _JCQ>s0OO •"X Lur> •-<x U-Q U- —1 r-t •—• <—t







1— * t 00 1—i < > •
UO<l«i^X2 5-li.O^i z l/)ZZZ2.-«_J Z LUXZZZ2 oz -»z2:z 2.JJSJJU>" UUZQCU LU liJ-lQH,3 00 ca LU LUO 1—«*—II z> LULU CQO>-^Z) LU
cooocacaxoo CCOOOLL O: hU IU If- CO CC ooxu.u__j-j CQCC CQ_JU_-^ CC
a3 0oornmcoooooorno<3vOvO^OOUULn<—(CNjc\jc\jog(Mro< LLrnLaunooooc\ir*-ooN (7>UN o>cT'0> cr>cr«y>y>U^««««(BCOOQCDCDcQCQ(DoOOQQQQQOOQLUUJlUO'JOaOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 0(->OOOOOOOO 00^4 r-l—lr-(^t—1_|_(_»_(^-l^^-|—(^
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO^-^^—l^-«^~«-^~<^-(-^r-«^r^OOOOOOOOOOOOO00000000000000000000000oooooooooljoo
oj(N)i^r<)LncocNjcNjcNj(\)r\ju^c\jc\jc\jr\jcNjciJor-c\ic>ooooO'-ia3^r~c^u^vU-^<)NO«JniLninLr\LnLr\LatnLr\Lr\
u^u^li^^u^^uI^r^l^p-(^r-'aoooat)^»<JUocJa^u'>o<-J'^^< '-^'-^--t'—l^^f\|^\|f^J^^Jmu"\u^L^u^N0^u^U xU^0 sUsU ,>u v^J'>u













<l CO zu.J x<t •• ••>
|j_ »•> O OX •" ••>••> I— H- U.O ••^••« <L Xt-O ZZ 30 O
Z < .-iCDr-i—i INJ ^X "-"-< UO O
O _J CQCQCQCO Z ••OS LOoO 0000 _l
»-t LL CD COcO <tO DD 33 00
h- O *£ CX_J«»> h-J— I— I— *£O H- U<IUU O •• • COO <<1 <l<t •» < ••>
LU O 3 <l^<< ~3 CO -HO H-H- H-f— SI CXCM
_i <o a. N-iNN a: co —loos; oooo ooi/>x i—
x
OJO J<OZ •• CO SO 2 3
CO<OU l<Ct-i ZZZZ 51 X •»>_5_J oooo oooo 00
_j< u_—i o oooo o o o r»- 5:2: srs: •* •» 2- ,,k
xu i<^ llqc <o -5-3-3-? enx < tx ••>••> -3-3 -3-3in 2; -3<-«
lu u_o^ ujo _i<io rvl r o —1 x cc
oj<c hh uj -^ cu "y.o li i<i •••••»•» • * • »• • •> j_t_>u. ••••» t*.** _& '-jziO^^'-, u2:-j<i u !••> 2:^.^-^. o 5. —•*£ <->uj s = = = a. =
_)"-< (_)oi— ~t_>u_ —j 1— u_e> c_)lj(_)i_j ex uj cuo xe o 00 o^joj •• o*"
^»— «-<UJOI—Z LL3I— <1 CCCCCCCC CC OJ ~3 QC LUUL OO-J in OCM
Of— -jluo 1— o-idi— —1 o •••000 :: s s -• s
OLUOLU—HLIQ3I— ZQ-DU. •».»••.•• cC ••> 0«* OX »•» 51
»-t_JUJo0LU_J»-<Q.3 ,~, 2Q- OOOO 00 O <0 X • •• UO OOOZSIS; JDQ
LU_J OOLU Za t-nZZ xxxx x mo 5:0 XX xxx<o X_l ••
H-OOUJO OOJ— hhZTO —.O ••• X Q^-iX X_) LU
o oo^lu o wzai •- oooo a •• o <£ —ill 2:2- 2.2:00 a.*- co
<ilu •—iooQ<a.Lu Mi/iQi- cc cc enx • -cc m cc ••> o-»> x ••»-*•-* •• •—"—«cxcn »• ~<m o
H-OLUCCXLUt— OLU0C(XLU3 O0O000O0CU O ••>*/) Q- ~30 ••>••><—> 00 LL LL LU LL LL OOLLIO •••LL QL CC
;2Z2-<3Luz:«t£i.<iOLU-J ccoluno .*;j en o<x-cC l— r^ixr\i .s h-0<wujOQ.O< ,-,UJOClO ..........r. Z-LQC'SH ••> XX < ••>•••3 ...•*•»• cC >- .«oO
OXt— coo^oxt— coooooo s = r : Imu = xlu'-oo"- •••xr so. = = = ooo = ••«: o
0<M vf<U iIlL3WjUo;OIIiJt-005:"OOOi:iiIOOOZ
I i i i i i i i i i i r I
-iH-j^xi.aoo ^(-jxooxoo<^<-5qozlull—t-joooLucno^:
••s s s s ^ux: «-oq sxxoos = oxr = s x: 2: o
<- mvors-coo>><coo3Luu-OLu «»o s o ••>••> o <3 •»•• lu
-i^^-<^^^^H^^H(\j)-OOOOrOUJCQ •••OU I »»-00 ••"•« ••>••>_!<< Q.H-<<OQO ••••^••luX3XXXX--<X(XOX= CQ<IcncnOOO<}CQXXOLUXXXXXOXOXO
Q. o x x en en
szssjis^niz^w oos 2: ^s:s:z<2:5:5:o02:ssszOMHHMQOolQ"QSQazQQQQSMHjaHMH^zawQwD
OI-LLLLLU lO^-JLI l _3_J00'-i_J_l_J-J-3LLU_-3OLLLLU->-<»-<—IU ILL "3
o> o> o> cr^ cr> u> ch cr> u> o^ a> o^ o> cr» c> u_ lo co—•m co<o »-i rnm r- coo cm co LuocoLU-T^Ovoor\jr~-<ujoooLuo
oooooooooouooooo^^tNj^^tNic^irimtritriiri^^^^iniriinvo^^^^-r-Nh-aicooocoff1
ooooooooooooooaoooooooooooooooooooooooooooooooo^
in lo in lo ir\ inm u » in in lc ^ tnm in lt\ —< r*-m u>—« ^j auo to r- o> —• ino cm co >r cNJsj-Osocoaovj-oLncor\J>ro»Dcocj












i/) • #* ••»
• t. •—
«
• •> X O
• •> en X 2: I— •• -J
_l CX h- •» •• QC O'" LL O
<3. UU ••• •••••> C\J PO •• -3» CQ>J- Qi
2: •• O «/) £-5 —•>-» «E- 5l «-• OCX ••>
ex lu»*.z: ex cos: o o cu •* lu x >r
O COr^i-H o CQ(_) q o ca in lucj o ex
z oi < x q ^ z_i x
ex ••> INI o 0000 CJ
o i-xi a: x <iu <i <a <i 2: •* o«* •• -j
<l OOOCX (vj< .M'^rvj .t.iv| cj (X ^^ oj
m ux-s «£ •• zmz: z 2 _j ex mcx —« •» •*
Z • - LU O •hZ^Z-'Z :s 00
Z 5^.*.* (— -J»*eX ZZOUDOUO ••> Zl 5! CXO OOO LU"> > 0->-5-5~>~5-5 O • OO CJ ST
-5 lucxcx oos .cxo -j-ji. 2. 2. ac in OX -JO o
x cxr^-oo i_)»»o»*o»* —« ex _i
»• (JUX *£ •—I CJ t— <l »* «»>»U2.UiUi l_J ••••i •»• I/)
a. _iu = exoo iu 2.2: u li u a a. 2.2. = ••>
t_i ^ x. lj -*•• cu i_ji_3<i:a.^Qi^: ex </> i~i uu su ••» =
ex.
_J«* <.U'*X.O U CXCX3 X) _> —J CXiX CJ = O
-^Nt" •fNQ'.OX -"CX ->.•->. *-}••> ••> S LL O
• •> CX5! I—Z CXOSTSh- .»..-.... 1^ i^> U T >- ••>••> —< r
,„ <.«.» q lu s exoexe/) HOU"Ct"a:<«ijC"»m < 00 o =
—1 (XOSIXCX 00Z>-<O<_i:5O COCXcXCM —• —• O—<••> CX'» CXCX.-cX o
co exexo uollcxlu 2: CD (XOCXOCXOCXS LU LU i£ o cX
cu o ^x«* «£"-? 0000 ....•>:*: oo.scx_scx_3:cx-£ cu cuco 00^:2: ex
ccx CM"- •• lu = lu ocxcx 00 1/) 00 uu exu exoKJ.'--' 2;
O i/)0 ••••••ex'-uo •••cu ••cu-jlluj <h/)i/)"> ••> • *• • cxex ooex 1/) 00 _iu- •«•£:. *-*
<l xeum _j<q.^oc>iXu: x m c\j«»-cm.^i\j.»>co \— y- cu t— >-h ll
M ••> oC CX e_) U.M cX cX O 2 ••>•* O O Q Si/) "-1/) .».«<x '"eXLU ••>•»•
r ••> cxu_ XOrvj«s: = r 2: ex 2: ex 5: ex 2:—«O •= o = = t-= < cNj-t"-Z mUUQ0OD^QUI-W>QZ Zn<JQ CJ Q QLLi: •* _JO-iC OLUOOCX'« CDCX_I
O r-4<_J_J XO-JX^^CtJD U^-^JOJOJUJ •*. C\J CJ<"ii Hr^QJO^XCL) O
~> z o ••e>o-3 -! a -j ••-)= = z 2: z ..o ^< a= o ••= = s zz iq
• t »» .»...uj ••• •'•X »*H" •» —) h,m>»wi»m«»2UJ if\ LU ex o «oo
CX ••!*•< ••>oo_l_J^- "-OOIQWO •• <[^UOlil LU CU LU'-'X «"<X mUU<<cCJ<X^
UJr-cXCXC^CX<LL,CXvOCX'-<OCXt-icXH- S^OCXCXCX "CX "CX ••CXOO <£. OCXO X CX CX fvl -X K CO (VI —
<
cucx ex 2IU. cX ex X uj >-icx —• cnj ro -5 »-i.t 00 X •»•
2: u?: uaDN u^<ui-ow o 2:2:02:02:02:02:2 ofN2:2.z z^szswhzssDQZ-iQ'JeOIWQZQUJZUJccO LUQ^«-HCXoeXOcXOcXOZ) UJCQO»-hZ> ^ -! •-<o -. a.OOQQ
-ei_J»-«U I00ZWm_|m_|01>-<WWZ Q_IU_U-COQOOQ'yiQOOQ-J eECD_JLL-J O LL U. ~i LL ~i CD ~5 CX _i
OOc^^<Qr^^iiiQo^coou.ro<5roco(X)cOi^t^u^^cQOiAcouJooootNiP~</, o< ^u.ir\r>-QU.iAr*(j>
a» cr>O cr> cr> o<<<< cq cq cu cq cqoooOOOQ oq lu lu lu ll ll ll lloooOoooooo —•—t—•—< cnj cnj og










cm CD SL 21
111 co < <x .»
i— tx •» a: cnj
<i o o •-« o nc
•-« <. •• a nc o o
h- •• r-i £ o lu
t-i u_ m «/j uj to x
•» > a: z: «*js 2: ••• x so
-j o u. -? cv •• o -jt—UJCJJL-3a ,,> CO CM ••> h- UJ
l— ce o os •* co cd r uj •> co
< X —ILL S co a oo r
•-• fNl 2. OOS ••>LL O •» O LL O
j— oo • o .«£ s r <i o 2; s o r <t
*-i >-* fT| CC <51 O rvj <1 (X ••> <L INI
> —• oco os z m :s 2: ^-••> fNi z: •-
••>
.». h-o so a: cxlu o uj zO O 2: O O Z Z ••> 3 CO Z _JC0O
CC CC Q (X 00«* O O O S 5IO O .». O ->
_j 2.0 ae«» -) ~~i u. •• »-<ce -j to •• onN u o -oce CO so llh- 2: CO I— ••
I/) 4C •> (X •> 2.U. •• •• »» ••> 00 •* «3. '-CC 00
t-t 1—» ' S VI CM'»-0 *H 2. •*£- i-5.a l«*LJ i. CC i O 2tO OJ = CX. U_J_ CJidCJ LJCX.I-1UJS ^C LJ I— <3.J_ «£ [_)
.«, .» •.-o •« cuooo o ceoce -J-S-jooo.;*: cx •* ^ ceo k ix
O O O0S Z O ••>>< UJ •« I—U.O (Nl o«- OX o
CC CC o UJ OS ••••ll «»>oo •*r*- •• ••••</}S UJ •• —« OO CC UJ •»3 3 ZO —* <nOS S!Z" OCXOH-OOOLU X 0«*UJ _J(X LU«« X o
••> "-KX S fNJtX0<00 •* XOcCLUcCCCceK^O tXUJZ COS MO O CX
•*o«* O ^<X UJ l_J 00 (X X
o o "02. o <i5;:uwi.^i3 000200000 z o<oo 00 "• 002: •••2: o
cx2.ee >-> <x oi-< ctiu-<u cx ceo cca.ee.*-2:0 ccoo • • 2.m iurgj cc
C_) UU." "JU-OUJ-J—ICCX OOOoO 00OOOO~3»-«~> OOLUOOLL. •••-Jt-I -3_|CC-^ 00
O-JO <l H- 2. CcrNi _$:h- <t to ll UJ 2. aj _s
CC cC M «»-cX •—« •»•• •*••> 00 i«fs| »»S ••>•••*•* ••• %••(/)"jh- CC «»-2: •»•••> •»• ••>
00 •*oo ••> s <«»-u_ 2: 2:00s s ...o s s -js s s s *+z s uj s o.».s s •••s r
_l JZOQ.00 U0'-'2:0002 ~*<£CO CMCOLUO—T- O2«»i>0 XO-J—1^*0—'O O
.. 0"OOOooo •• ctoLLoooa:^ r-io-^'-i-tHvoao r\jOr-iic oo o—'Occo <nj
-^orvjo-js zzi s s s ^o n:^::::2: s -)^o x: --as s .sr s
HI UJ <!•—<K- »•«•• •• •» LU •• O 00»« U. ••
K«»h<«"»<Q:OOQO^^QOO'»I UJO •«>O luOOO< '"CO .to ••>UJ_JoO«-02: «-00 •••vO 00
<C\J<O<}-LCh- -3c0XXcCOCCcCCCOO V)CC v0 CC<^0cC CCCC CCOX H-X —*X COLLOXOOcCX OrC 2!X»-«»-«ceo2 ccxx ooouj o
f-s:»-2: siozijjuoswozssiz ds 2:02:2:2:2:2:2: x 2: s: 1-002: 2: 2: 00 2: 2: 2: 2: 2: 02:
mQmOQmSDUJZQIwO^whOO o-iOwQwwhmQm wmQUJ5;<Qm5;QmmQm U-l'-<
>_J>_I_JLL-}~32^^0LL _3'-'U.U__J-} UU ILL OU_ U.LL LL—lLL LLU 100 "JOO-JLLO—ILLLL —ILL OOLL
UJ(N u^<OLLLO^f^U-0^<u_(NJcou-r\j~TN^v^<0(^^<UJrOf^O^'^'^r*<oujujOvj"CO<ujincoooO
cNro<r»rncorn>t^"<rvf LnLn.r\Lr\soo or^-r^-i^-r^-r-r^co ^o co coc^o>o><<<<<<<< coca rococo00000
CM f\| OJ IN Csl CNJ CNJ CM (\| CNJ CM CM CNJ IM CNJ c\| CM CNJ CM CM CM <Ni CM CM CM (Nl C^<Njr>JCNJ l\l rAJC\| C\JC\|t\IC\JCNJfNI(\jrvJ(N(^lNIC\| r\Jf\|CNJ






CM CM CM CM CM CM CM CM CM <N CM CM CM CM CM CM CM CM CM (Nl CM CM CM CM fM CM CM CM CM CM CM CM 'M CM CM CM CM CM CNJ CM CM CM CM CM CM CM CM CMOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO <->oo
62

co m .r. rn ••» m
cc cd m cd rn cd
CD CD CD CD CD
••> CO CD
CJ O •* •• (_)••> o
tx. ••< < o 2. s: <i o a. <i
tt. q: tvi < ex ex m <x oc, ••» m
(\J U CC 2^>J^3 Z M 3: 2! ••> Z
cd cc 3: ct ai
co co Z Z ••> •» Z Z ••« IS CO Z
••> • •> o o r r o o r 00
r o •* in -5-ju-o -> —> u. '- cc -)
<< r —« r r = o 1—
(M = o a. 2^ a. 2. .2, 2; _i r i. 2. iii_i: u £_ a:
CD *£ = U) CJ (_) L_l CX CJ CJ U_ CJ »*-C_) (_) CXU l_J<t .<£ CJt_J
• •• cd <^><^j —i cc cc _j_s_icoo cx*:cx _J_e_jcoo:*r. cxo
<M dc->«-o h-r o 1— r o z
_-< C_) Z C£ ••> •» •• ••>•••*(/) ••UJ •»•»• ••••(/> LU • •>•—
1
•»>uj < 2: «»h < o«*o oooojvt ooor-oooujvj-x oqc:
ujs: ini ^si—is ex«»« a£i£cx a:<xa:i— cc » cc<z.cc\-cccccc\-cc^ ex<
>< U_Q_J.-t LU CJ UU < LU UJ
<tco z cn<iu_ oca o^u^uouoos; co utuwuuuios^ oca
</) •• o ••> ceo cc ex r- ex a. <x •*- >-• o ex <xz oc en ex -a- —•o ex
t-uc;a.
~i cu«*oj ••••< cocx cooooH-cocooo-PU. ex WUWOW^i/nu-"3 too
1X12.^) ccoocoo |— •• <1 UJ \— <a <
l/)
—51— •• X" cX 'ftCO CX* • •*r-sl • •>(/)••. ••••••••••CO «».rxj .».cO •»>•»••»••>•»> ••• »*.M
lu '"O »r. x M _i so ujs r zr r r r r r o s r sir r r r r r r
z««co-jo 00 oocoxco •» oz coc\jZvro^>r<LLLLu_z cMzm-j—iLnro<<o c\iz
ocmi^ocx u. xex'-'oco co <tx: z;^0'-» -j-"rJu.u.o^ —10—• ^-tnono —to
-)yoQ lu co x vO = o or -sr cor r r r r r o r ~?r .« r s : r r r ««r -500 ••>•-:£ n» •« •• n uj z 2: lu ^ o
•LU_l'»UO< f\]C\l "Q ••CO <X HO"U")OOU<OCOI »0"00000<>OCO ZO"
<\jx co <. ex x co —»—<za;ocx z cno ujiXnOct: ct: cc cc cc cc cco lucxnOcxlucxcxcxcx'cx'cx >~<ccoO OC LU •- mi. O cX •• O CX O CC cC
sf-co oo<£ ss-ioji omsrz ens: i^isss^z zs szzxssszs: <t=>iOLUSQccZO <QJZQO UJCOi—<0 <<-tQwOw-iMwMMD <j>_,Q^_,<t h_l >_ih_iM..>-iH-i LU>—iQ
Jt/)-)Jifl"-) CO_J<»-'_)X CDCUU_-> t— U IU-ZULU_LLU_U.U- _5 tXU I U_ CC U_ U_ LL LL U- LL OJL1 I
egmr» C7>ca u_or\jc\j c\j vo< Qro loco oomr-r^r^00 o °o o^o<luo(\kmc\j cdco—m coo—tLocroooco
cm <M c\i c\j cm cm r\j r\j c\j c\j cm cm t\j c\j cm c\jm r»i n )m a ) rn m o ) rn rn r<i<r^^ic^r<icT)r^n)ft^rnrnc^r<in)(^(x>rqcnrnroc<)ni
cm CM cm^^ tNJ cm^ cm cm <M in cm cm tNI CM rn (^ (^ c^ rn rn rn r^OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
cMinr-cr>—<Ln^cocococMvocr>inr-i^-cotor')Lnu>ir\^>3- ocmi^—ioo<'<jco'X)cu-j-r~cr)it\c><'U*cr\r>"-, ~*'-M r*"
im c^j cm <mm rn rn c > en o ) ^r <r <r en u > u> vo <j r~ r*- r- p- tu co rj> o
»
^o cj —• —•—• ^^ —• -^ (\n vj en <"" ) >r <" <r uMi ^ >u <jo o
r^-r-r-r-r-r-r^p— r»- 1— p»o|*'i*,"f*»f*»r,"P,»J,,"r,"r«-r», i*"r,*ri»r»p»-Pto0000 co 00 00co coco0000 0000000000 00 <wcoooco oo0000000000o000000000000000000 o<->oo0000000ooou0000






• •» • •»
• #. m ••> m >•» • •»
rn co m • •» CO m •• >r




• •« • 9*
CO
o -i. <. 5: s <3. u 5: = O t«i
<L cx •* rvi < cc %m M <i cc •- QC <M
-5 5:
(X
__! M _S 5. -4" • +
CC CCLU







__: »• 3: __: __: •- __: CO z z ••> _S CO _j z.
o g s 5:0 r 2:0 • w» M
-> II •»>
-J —) LL • •> >—ict -3 ~j UL •* t—tCC c^ • in ->
= 5 O LLI—
• r- • •* iy>
Z O LLH-





2. __,_•_._ 1 ~ --.••>__. i. a. .__ _i. -t-
I_J LJQCLJLJ O LJ_<_L_I l_J U- C-> l_J = -C ••(_) LJU-LJLJS Z cc u. LU
IX _-l_£_|O0 O O-OO: —CS-JOOLJ--. a___o: _J_£_JO0LU__ X LJ _J Q.
t- E -C •- H-LLO 1 h-U-O H- X
• •»
.•.0"-r~- •* • r..«>l/)S LU • r.|O •». • •..^.ts.r.oOS LU • #• • •>
o ooouj <f OLUOH-OOOLU x oujor^-oooLU x ro •• < O
cc (XOiCth- 0: • •» c_.s:c_:luc_:c_,o:i—00 cciuca— c_ acorn-00 p-4 c^ Q_ ••• CC
LU t—1 00 a. 10. LU CC • •* LU
o UUUifl 5, CO Ol—0__:00000 Z. OOOOOOOOOOO Z OO 5.0 OCO
__, ocqclcc.*. >—
<
O CC ttJOiCtlXiiJ (X a: __: a_ a. c_ •*- __ O Q-0 CC
00 00 00 00
-> Li_ cc OOOOO OO OO 00 ~J "-• ~J 00 o- j __i uo 00 1/) -}—-) < -l_l 00 CC 00
H- <I 1/) LL '«; LL —J CD y—
••» |«|f ••»••. • •> • •>(/) #»>r->j •••5: ••• •*•*•» • #». • »lr^| «»-oo • »»**•*••* # r- LL • r-CQ .00 • -
s •s n ~ — i»>S z z r ~> = S S £ «•»_: z = 5: 5 — S £ • •"ST z • 9* z z
r- "N^r-DU'-iQI^^ (MZvO —
1
-O CO C\J CO -^ _tO^-3(MC^LLOO—
<
00 (T) ••> <t oz
-»:__(— '-*'-»'-<>-Oa_LLO:-- 1—lOr-« •••H -h-«<c_.o milO-^ -<-4HOt_0 LU ^_: OJ >til- C\J
= Oiur = = r s= : = ->z __ = s = r 3zz s ->= «• S S S 5 _SS O = < = r
Ooo LU a __ O- •• 0_ —1 UJ
uzzooo< '"vOCOI O '-<^>^C(^)<^U<. •CO ••O •••ooooo< •••CO ujr-oo <x
CO
-•30:1X0:0:00:0:0 •• 0: Oct cc cc cc cc 00: 00:00:00:0:0:0:00: MK 0:0 __: 0:0 •• Q_
1X lu a: LU LU 1Q_ LU LU 1—H •If LU
__.<o-; SrsiSISISISS:^ 5:5: 2:2:2:5.2:2:5:2: LU5; 21 LU 5: 2: 5: 5. 5: 5: 2:005:00 o<fs:z J* -E
—< 1JJ^tHMMMQwl-H^ 1—< _!Q I—( t—1 <— hmmUh Q.H-.IQinaMW11—ll_(Q >—l luz^-hs: LU CO ._.__) <—
1
LL CO "0 LL LL U. U ILLU- -) H-U |LLt-LLLLLLLL_lLL OOU._JU.OOU_U.LLLI ILL C__-'U_ _3 CQCULL -} OLL
NOOU_Jf<ir«-OOt\JvOa)<<<Or0^cQOv3-(?Qrr|^l>-SQOvO(DQ-<^<0^^«t^"(>UOO>-'inp-r-r»-
vO<)<)<)NI^I^COOOrao300COCOO^^O>^<<<<-]a3cOCQmoOOOQQQ^-J-JLU_JUJ_J_JOOOOOO
ro ro rO ro r<i rn rom ro <r) rn ro rO ro ro ro ro ro rn rn ro ir»m rq rO ro rorOrOrnrO(^rornrorornrOfOrn<^>ro->t^-^'^t v3">*'
woooooooooooooooooooooooooooooooooooooooooou>oo'-,o
OvO>ocor<)P~c\ivoooc\jv3-vy.o NU tNJ-^"<n -)coc\)r»-'-^r^'-j-^-^r^o<>wr<)r~rsiv0c\|vUv0'^J ,4J'-<^T^" iT %T<-r>r-^'-<'—
•
CUCOCO cWCOWCOUJaJCJ^U'l O,, C^L^^U> C^>U'>C^>U', U>U>U , U'<CriU, U^(J>U1 U>U , UiC','U> U , (^y , U, U>U'OUU_>OUOU_)OOOOOOOOOOOOOOOOOOOOOOO 0<->OOO0 —'OOOOOOO -JO—»r^-<r-i^--ir-J—«--«






••• x co u
a. _s •*•• o: u
.o coco lulu _i
oo •* cxx ot— in
x;_j s ••> ••» lu co . »—
co u. a. a. h-o h-»-i i-,iz s -*o -»a 002: oo <:
o< >ra >ro i— <»-« ulu 3:
xx 2: co_i ao_j x a:
1— o coco coco.* <<••> < <
• *•
_j 21 2:c\j t—xo 1—0 cc
.« oco o<x 0<1X <iutt«»>» <IZ •«.»••*
cu <s ••> <tx <X3: o .scqcu.* o>-t uou«" r-j
CX Q-J O INIh- Ml— CO XXO i*i XXXO CO
a: ••> DD-» ox •- »-<
X »••* Zco ZCOO LUhOOOJ LUO OOO-J CO .••
o or- o US'* uz axazzco lu_s zzza o co...X rxx ex ~3->rg ""S^S o_h- i-"-<aj a. mwmcd lu cxq.
CO X Q COCOO COO CO O
•• OX ••••J! •»••*•_J (_!.••>••>••> 1— »»•*».*•« 1—1 _i.O
a. ju •• i= S5 cjulco—<r\jco i_),< a.2.ii_ _i o_J
l_} ••- X E OO** LJO'* ^ QCCtct *£•-< U-XXX —1 Xiil
K h '" O XO —• (XO—• <tu_ ..._S-£.£ <l _£-£_5.£ k-i e—
Mti> <fi«< »»-o S X 5 (X ZS CO S •».•—!
... LUO (XO OS •• 3: ••» 3 LU<Q. .».••> LU(X .....>...... 0<O >X IX O^O UO CO OC<_)t^H_) COUJ OOOO CO 3:
•si* CC <3 IS 3TO'- XX'*'- XX-**- (XLU XXcX XH- XXXX S
CD CO CJO XLU CNJLU CMLU ^> .» DO • OCO
CD O •» X-J •- CO OS CO OS CU OXO.OOO O <l OOOO X -JX
CX •* OS E2.0 CX. t—2-LJ X"-«i-U OLDXXXX OX XXCXX O
o coo. <aa. .....>.*u.'-«x oou-qx collolx h- cococo <. cocococo x ••*->!
< D MS OOOS LLI— -Jh- —H— CJcOO COX Q- O-CO
rvj. ....,(_ 2 XXX co •»••> co •»•* co x>-<X** • •>••> XO »••««••..• a. cCt-t
nOS LU... 2: ... s«»o s s .»o ««s s .»o LUOCOSSS LU O*-^C\|C0 <ZttLL^JZUQQlIQJZ OOOZ Q-OOOZ LLLU OOO LLWmQUUQ X"
o o^oujzjuuju^: cMuuxbi woviuuo:^ cox««xxx coot—xxxx co oo.1i: OO-o lu xx 00 s s 3:0 Xs s 3:0 2: 2: ZHD Q- XO
o o •»>•• .. lu lu co lu <^^-i.^.*.« <<o ••>••>••.••• o a
•«XOJ""'0<[l-'»>«Q"'I O-t^X t— 0<J-«»X X<cO<<< XH»V>< <<< O ••••>_» ••>
>o o:ii)«)q:io>hoozoo xxoo luxxcoo t—xoxxx h-cozpxxxx jinoino
(X ••> XX LULU" O h- t— H-H-
OSCO oz>zz>xz <SSSZ XSSSZ S <<J>U^J s <oooo S*-«S^_J0<—<SOOX^><00<03 Q.'-o-'QD <mmQD LU I—XXX LU f—XX XX LU<Q<CQ
_jOLL-3_l_JcO~5CO_J_ny)_|-> .UliU l~5 hlLU I ~> X COCOCOCO CC COCOtOCOCO X3C_J-SCQ
• r-
0r\jr^cr>cOLU^(r)comocNC^a3cDcQ^r^OLULULUst<oc\jc\j^c^r^O'^^<3vO<><)m
o^-<-^ r-t r-4—* r-H cm c\j r\j cMfo ro rnm rom 4- <r vt >* ^r^ enm <>o oooo o >- r- r- r~ r-.r-r~oo a-»cycocoa)cocr'<-r>
000000000000000000000000000000000000000000000000
r-o c\j r-- c^ —< nJ- r- v* <ro c\i ^- —• rom co cr> u >o cm c\j cm co^ o r\i <m c\j rsi r>-c\jr-c\ic^ojc\ic\jr^cNjt^cNjr\jc\j<>jvuO'--<
m^^^>TU^Lau^^^^uI^^^(^c^Jcocucoa^u^OlJOOO^cMl^JCMCM lMl^JO)co<^^T^T^^^<'c?^u^^o^^oO CJOOOOOOOOOOOO CJOOOO -< «-« r-l^ _^^4 _( ^( —< _J —H ^^ ^-«^—( ^-( _4 ^-4—*—• ^-1 -< r-^ -^^|r-( —J r-4 -^
in<'r^cocrx O'^c\j(Tis^u^vO'^coc^O'^rMni<rcrA>^p~cx)u>o-^iNico^Tir\Nor^c^
r^r*r~^-i^ou(X)wcococoa3a)cococ"u> c^y, c^j>g'(^y>cr>oooooooooO'-(^.t^^^^-j^^^^-tcMcMfM





i—i t/) |_ _. |j_
X » O O COLLI >-<<
(/) OH- <l X It- -h-
uj cxrxcxi— ^<Q<
h- Q_IU<<1UJ qujxhu lli_jxq »-cxo —lh-
•• coajoi/)JUtr.-^uj|-a •-
lf» I i-IJU LJLLt— LU^XQC ••>
II -'I_IOOH<IIO |-,UJ^ Oh- H
CM f— _Ji-4CX_IO Ot— >-tC/)t/)LO ••• -«
z: <t <3. <l Q- i-H t/) UJ OO (J LU •-< ••< cm o
<a. c_) aiCL(y)xa:(X>-<Lu_j2 <-y rn i. *-<
CX OZCXlJJ *-< < OCCCQUJLU Q < Q
«- »> zujaH-<Dinaii- uj <h-cx cc
r-tvj- <n^)u_oo x 2L u_ a; i— *£. >-> • • X •• o
t—t~J •—if—LUt— -« U_LU>—<UJ I— O 1*£ O Z
ii ii 0000000.x -^j_uj»-h ccx. cx x o z . >->
m—< » i— txuu i— ••-»c/)x j-cx^h- o •• -J — zQ5. Q LUCXOO —i h- C/)LU •Q. ••HO «-'
<t ujqq - Qcoi-Lu i— oot/> t— ro •* ll ...o.* ••>••> <r
<$-cx jujuHaaazxwLuootHoo cx_j a cx -» —i —
«
cx-* s:
II • C/>OLI_LULl_|— I—•!—LUXw LJ OLJ'* CX CC X Q_>-Q. CXCL. UJ •»•
cMro vO^)uji-h_j 2CJ oot— olucx»* Q.cnr 35 i/> o ;s <xo
l_j_« _« UX L_) l_> U. i£ _> LU^O^i h-V-l •••• '»XNi X O
•>il cx) viiiiiinj c_j <no qc-"=i ex o<xlj cmcx •• o I—O O «*o >-
cmcm u_»-<r- c/)i/) _jljo»-< I— O o*-»= olu —< ^ <z.x.<z.x. ^-4^. <q.x
11 -J o <j-lliujocx<i._i i-DUh nu .».(_(— i-»wh c_> c_i _jo
*-* • i—<rxx oz;ooi-u.o^ —• oxoo z exexo**-)^ ••• o«- clx
ocm oocxr-t— i— oou_>-' -._ai'-<2: s:s_j oow o occo-cx cc cc co_i 00
*** t— O >-• OOOCQX hw LLIUU xo •••OS <••>< a:**- < »-i.«»
*-* II OOQ-LU LL OUJf— h- OOLULL. CXcXZI'^X UJ OX —ICXOCX 121— OcX ••0-4
11 —1 hh x •oou-icj ex x«q i-(t/)0»»>cx a;o>'»< o *-*a:. •• 1— aO—I t/)5IH-UJ OO O^ UJ LXI H-X UJ •••LL.CXXCM (/JM^rHi i» • .».(JJ(/1 '"UJ mQ
t_) • *iLJ 2.UJJ— 3UJLU UX <s)_i t».^^—4 uj oh- -1-—Jt_l>-<0-l-t_) •• »-"-« O —I <tl—G
•-O (_) CX UJ *-« iC CX X^02.Qlt— UJQI— •••I— •••CXU. ••• O-UUI-U-J^ U.LJ t»h- "-< '-^ —J
CNJ^-4 O H-l— U)C_)00H--JOUJ «</)X MO -^ '-'ZO *-• i-*-£WCDUJl/)XOO a.l/)J.—» l£
II II < O.^ cX Z0T--O wCQUQ-DQ .->X Q-O^-i Q O QIQ 3h-'U'»
^r-t >- ZUJ> cXOOU-3:—lUJ < -J OCX-^OO 2QO .»v.*_j _|<CX»» I—<^
h-h- < U£_JS^O>h l_l _IOUJ <XXXO Q .*Q cXUJ_j_J_JO CX CX<X CQO
•»^C _J •>-«<<20 U_ UJ_IO0J hUUU •• i^c£)Q^^:or)_l<<t< •• ••>< C_)M —I00 a-<xi— ooocxh- ho <aiO"i-xxxa-iioj<oz ocxexcxa. -'Q-KiHXooa.o
II •• COLLXt c£Qi-'ZUJ<tO_)Z>-« 02:000 o<.^z O K25: -< —o
»—ico >-h|— SIujuj ouJaCXX hO"<2 Q<XJ «»-_J_iuo< .»..^.*cX •• 2Tuj< »*<. .* o—
«
Q. II O00CXX_l 'CLOO XI— U^J-)»-«0^0_JCX U''^UCQ'-<I-<0'-iQXOWa'-,30"_J_l
r-l MQhCOUJ Ot-O • H-icQtX .t» itC Q.QQ. O CL h-
zo 21UJOLL <s;s: x at—ioo<cos:5:5:2:2.o-, 2:o2:z.2:2:2: sjusu ss^sifvj
>-0 UJXUJZh-Z'-HO^UJ<IZi-t Z'-'aiOQOUJ£XQUJ_IQUJLXlOa)OOOUJOcXUJcXOUJQ<UJ00
</)cd cxh-cxh-(<uji— cc^z^<aj<3.<ujocx^J^Q^^cca:oJcCQ:^Q:o^OiXOoocxco_icx_j^Q:<-i
ro rn ro rn f<->m rom ro rn ro r<^ro (rim ro rom rnm ro rn lt»H co co lu vj- <rLn(J> c^ONoo^ocQcDcQUJujroc30co<oo
q\ cj> cr> tr« cr> <j> v> cr> cr> o cr> cr> a> o^ cji cj> cr> a> ct> u^ cr> c^ (j>cr>cj«er>cr><<<<<i<<<cQcQ>xi coco cqcqooo000
000000000000000000oou000000000000000000000000000
r-<—< ^4 ^-1^ ^-t r-< -< _^ —< ^^ ^1—< _i ,-« ~4—<^ -^ r-H P-t _i rr) un cj> u> (\j co co cr> nmrqvoo^vo^Hf-i<-^o, -4-4">ocooo
r^r^^^l^l^r-^^|^^^l^(^^-r^l^r-r^r^|^l^ |^l^p~^^r-^^^-a^cocucou^u , a^w > uN uo•-^•-^'^^
m^rinMji^-coo>'0—, f\irn>rLfAvui"- 000^0--•^Nn»<<ru^sji^coa^O'^cMrnvru^surs-cou^O'-H <NrO'TLnsor«>coa>c_j

















2:2:= 2:2: u00 u
h- cocoo coco o —
1
2:5:= 2:2- o 00
H- -3-0 ->->.».• + •> z
CX O Q-Q. LU LL Q- <
uj ,«. .».*t^a: ">'-'~uo > 000 o a:
c\j > o or = 0= = (-jo »-« h- a h-
_j z a: zoos: zoo_i_i h- »-<uj
• = o co acoa^M cx-or-coco < •••••> coo. co to
•» 1-1 u. 00 os = ll as = zz —j i— i— lju 2: 2.
cx _j = <I <a < <i<a uj qccx u._j -q. -5
cx • • lj OvOvO"- uOvoaa: <x cuco co cc
jS —« 2: •••<•)_) -Jcxacrq ocxext—K coco uj i— ••>
h- a 2: o cx u_ h-uj =
•» •• z -j x z co cosrsi-s coszszcoco o coco <it— co o
(\j.»cr« o f— >-. 2: 2.»-h'-« 2i'-"-| 2:2: 2:2: t— —> 2: co
Oi£ » •• -• CC ~i "JLLU..^ -JLLLL -)-} CO -}-} OZ ~5 =US -4 CO CX <3 O UJ CCi-t1JU O QC ••> O UJ ••> .».••>•* •«••>•>>•••* h- .»••«. u_«*>«t< sU
OO—I O 2. •» OCU S S S S 2. SSSSS<ISS U^UJ: <x
x ai x <l 2. _i ** O uuuu 00000 <£ 00 ex>-izo »•• •*•*
CM»* O CX <t <t COCO O <V>—ICM-J HI r-4f\j—4CM -. cocj> LJ •-<< >(— 2-Xh-
••-ocx ro x«»>o ex ojq r s r s == = = = o== ulu—1= cocx^cotx
m cx o cmcx o Q Ocx .* ex 00 O—JU.O—
1
qn2 •> .exuj o cx zo o Ovt^< o-4-<i-^vO o cm cm roz-oaa 0.0.
CO (\J OSN "CC < <0 CX CXCXCXCX CXCXCXCX(X O CCCC XwOni o«* o
Q»-h.^ O tUQ-OCXO O (/)•-•> s >
—I CO •• S'-CO CU CO 2: 2.2:2.0 2:2:2.2.2. •«>2.2: AC0H-2.OC000 CO
• c~< 1—4 QHi. l_)_J CO CX —< •—<>-4»-hcX mmmmm >-UJ>—t>-4 u (_) i—i rvi -2. •—•M •£.
•*•-• Q —ICX-J CtU O LU<1 U- LLLLLLCO LL LL LL LL LL ^U.U. 00.2.0. ~3= ~3
^JZ *• -£ I— CX Z 2-_J XM CX Z ZO O O ••« ••••cOh- i-H mD ••• .»..».»>.^.* .«.«..«.«•«< _!•»••> OQUJ'».0'>'-rO'»
x_j o s •-= = cjz .-ex h-o»«= •= = = = o—= = = = = uj = = Om>: -)z x-) =XO * OO—'OZO OLU ZUJ'OUOOOOCCUOOOOO H-ZOO OO-hO o o
OX"- -< ••ocx~*o^o eo> h-<i— a.'-'LLrnroujcu^-iujro^or— OO—km >i— iaj • •-< s: • » ca
x —i I- >-= 3:= = o (M3 ^h-3= o= = = = 00= s = = = a»-<= = ><<.= c?= ^cx =
,t.|_ » LU LUO r-4LU Q.OCL CX < CX 5: h- —' < LL<
.».(\jz««—< ^U"U»oiz z ZLus:<o<e\jc\j<oo<fNj(M^^ oooo ilolu^-cxo cco
rvj—«ooa. (Xcxoixcxolu z< >-HexLJcxocxcxixcx-Joa:cxcxcXcx osicxcx •-•(— excx ex.. cx
sio-jz lu s: 2. 2: 2:z 2: 02: 2 <2:co22:2:2:coco2222:2: 2. 2:2: 2: 2:020002QQCXCO>" JwQMt-iOUJ LULU LU CLM^MMi-thHSZwi-o-Hi-iM LU »—«»—« LU •—iQhOQi-•




^^v^^tvt vtvfvf >t-4-<f^^>t^LnLnLOLnu^LnLOLnLnLninLaLnLnLO^00000 0000000000oououooo0000000000000000000000000
o)oi^^>r^>^>T u ^'-r\H^vu^NU^oocucuajujcoewcL»u , Lj'-4p-»—*i\if\jni»TvruMj>uMi\vUvi;s0^0 vL'ors-r^-cx)aoLr>
CM e\j cm cnj c\j cm (\j c\| c\j cm c\j i\j <\j cm (\j f\j <\j r\j c\j r\j cm c \j c\j r\i r» ) n ) ro <*) en mai en c^iau^i rn ni ro r<irf)(T> ^1^) roe'if'i r«i n)
"^i\jrn>rtr\^ur>-c)0(j^O'-^cMcM>Tu^vor*-ujcjN<_)—^c^J^l^^Lnvyr^uJu^o•^c^i^>^ru^sOI>-<x)'r'0—''NJ^t^rLnNor^-aj
r^ r— r«- r— r»- r- r^ r^- r- cd co cx> ao co co co cx> co co w* a- cj> en <^ cj> cr> o>tMfoooouoouoo^'-l 'H™l -<^"'^^
*T xj- <f <" -l- <r -T <t vr >r ^r -r <• -r ~t ^- -t >t vt <r <t -4- <- v^N^>rvr-T<-Lnt^LnLnu\u\incninLnu>LaLnLn^Lr\LncoLr»ooooouoooooooooooooooooooooooooooooooooooooooooo
67

o XX «#> CCcC CC OL
r>- _»_! s -J-J _) -I
= 2:2: 2-2: 2: 2.
• »>00 O0O0 0000 V) 00
• «n luq: •*t«> 2-2: , ** # ** 2:2: 2: 2.
t- z 00 • ••—3—5 !—<-» 00 '+—)-) -J ->.* •«» «>X >-*-£. _J_IH- XX CC Q. X X X
CD _!-• lulu<x ••••luiij {_) •»*••» » # •••(!_) •* *
OO u_ 2:i.uj= = 5.2. 2. 0= = : = = ;




000 o_i O _j _J
oo o •• I— h- <CO(—|— •* •» < LL ooqltv ro •««>d"oo«»—
<
CNJ O0.«- 00
3l —i s 0000= = UUh • »»— —1 ^= r ••>: h-= ici- = 5 zt- <z
-J »-o <i<2: <a<.ac 1— en O . r. <1 2. CC <cx <ICC <
a~* UUO^OUUCQ <XO O s CXsOOCXvOOJnQcXUJCO 00 CXCL) X
• •> S.Z _i_i cx.a:_J—100 lu<3. *£L k-cxcX3:xoocxh-oox X 1—00 h-
s • «• LL < <l
o LUvO 00002:2:5:000000 00 1- S 00 5:2: ••> 5: 00 5! OO OO 2: 2: 0000 00
CD •» >X 2: 2: >-ii-i^-<S 3E 5: 005: O 2>-<m--I »-«2:>-h 5:2. >— —i 2:2- SI
C Ol —
i
-3-02:U.LL-)"O-5 i."0 LU nU "JLLU. LL-JLL-J-JLL LL -)-> -3
1— 1-2: QC -O X CX 2.
CNJ<1 <a—
«
• ** • *LLJ •**•*-•*••••• ^ • » ••* «• • ^ ••* • •»
CX»— -j a. • ft = = U.S esse st»»s <£. i. S S Z -JS 5 S S = S S 5 z. s
u LU 2. uuwuuuuuu^o t—t 1—
H
OC_»tJ UUUOUU O o<-> O
2.QC cc #». • •> QC fn<J"txmun<iajcDuj<n_) LL • •>inir\o •-r-oir^-ois^-a •••0 •<<10O • #-<^ »f>
*-*o = t— 00 r s xr s s s s 2.0 = t— 1h-= = : -4-: r s = = s h- <= »
U-Z nooc 1—
1
Z • •> X cC ct x" X X




•-> = O z cxxxxx a: a:x xx O OQCXtXCXOC^iXcXcXcXXOtXQiXcX 1 xoo






2^2:2.2.2:2.2.2:02:2: • -02.2:2: 002:2.2.2:2.2:002.002!. 2.




U.LL "0UL LL LL LL LLX LL U- LLU.











1- O HU«OOOQQO OO OOOOx00000000000
X
xoo
a: «-_j 3 ••< ZJ>-<LULLir\rn»rLLiLL<t •»o< 30u_cjr,-r~aooo,'Laooc^roLr\<rrnvro< -IO
»-<xa CXLLir xx ;E S S Z XZ Z S 5 S S S r z = r x >— s sX<> 511— 5:X < 5:o«. 00
[XLU ex-*- O0< <<f C\JC\J<< Otf -tO OO^ <r 4- cm r\j • -C\J OCM -4-O CNJ <f (\J sf^OX LUn»-C\J
•• (X oh-x ooxxaixxxxx xa: OUU X CC cC cc a>cc CC QC CC CC (X CX CC iXCX CC 1—XXX ••• a • •% LU tr- t*»
OOOOO 2.QC2: 2:002:2:5:5:2:5:5:2:02:2: 2. 5:2:2:5:5:5:5:2:2:5:2:5:2:5:2:5:5:0 2:s:2:xOQS LUO"-* lu:S>—«*—<»—<•—1>—<t—!-*—iQH1>—
1
LU 1—1 <'-HH-4>-H t—1Q t—4 (—IM t-HM *—4'
—
1 1—1 >—1 1—4—<Q oimwo
xx~3 xzu_ X~3XXXLLU_LLU_LLXLLLL CC 1— LULLU.U (LLU_LL.U.LLXU_LULUU_U_CX QLO.U.Z
rr)C7>ou_x x La c^c^ a^ co -^r-o uao ro a> u. rqa^ llx lllllocti llml^ oc\j<o>ooo^<OvOcx>cocoLuc\irci
r^ r^r^ r^r^ r^ co »a3 ooco^u^u><<cq 03cooo0000 oqolu lull xoo'^—'—'CNOvjogrnrriro^rn




u^oooo t-> ^^ «—« •-• •—1 •—< i nj n ) 11 1 vr u > u > vtj p- r*- 00 uj co 00 <jj u < lt>o—1 ~* <•m n 1 1n <r ^ 1 u 1 su ^u r*~ r-<-uLnu'*u", cr>w', LJo
u>o—<<V(x-|-^-m^>r-coLr>0'-"MnKj-m-ui^-coo^o--ii\ioi>ru^>Oi*^coc^c_>^-if\jn)>j-m>ur-'Coo,>o--^c'virn ,»"m>o















•».•#> •—<Qi CC -_: • «» <l
H-2: •i l— H~ • • *_ »—
1
LL •«•• •
• •* ZicC Q- Q.Q- O O ex <X •QlQl coa.
< Q.JC <_> CJCOC3U Z < «-. -:ao • 20
Q_ t- O -iZUU —
1
CO ••> •* LU X upo s -<oO :_>•- _J <->_l-J (X OH- —
•
CD O <I_J_J 2:_iQ oo CO COCO < ZOC—iU X CQLOLO ••«• • •> COZ a: <_: LU •.-_:-£ LU LU(— h- • •> O. ll^^i— 1— s H oa: ••
—
«
o <i or <i< CU OU.QtO.t- ••> U. • . <<IXX X «c<n-
LL - o X ^OQCa <i oh-xi— O coxxcucQ CO C_) <ixx
u_x t— <•£>!— t— <a. McO<OUJX r—
4
2.1— I— COC) X •a 1— LU
> co H- x = Qu 2. XXO (X -J CO XO _j CO LU •- coco O Z-5COii < u 2: CO CO CO CO 2: CO xco
r>J _j •• s: UJ 0^2.2: O SOCO LL .*o • 2.2:2:2: —I 2: X2:co
O.Q. -j X ^cx-5-5 LU ->•-.<! 21 C) H--J cu-3-5-)--) LL —> -52.
Z LJ <3. 1—4 h- cm cu-32: (— X X x -3
u ^-<_l •#> h- X2- • •>•* <i tr.»—1 tr«l_J t«* J _J ^m •• • •> •»• •«• t • r. LU .r.
-J aj_j - <3.*-«- = 1— 0)0.- _il—1 * Q. - U.S x= s - s - £ u.- •«•
u. o LLI UIU-UU (_J L_l_CO Q-- 1— sUC>0 00000 <_> O L_»0>-
• r. Q < H- co r~<x (X a: •-« cm >- u> _J LU-eCLU x^ivjcocn <^J'~& XO<3.
x LU'»- s -_>••> "Z - «K 1"• 2:= ojscm O : <a - S S 5 S r h Q-= O
< h-S Q-Q <= OCO'" rvJH-Z QC • a
a_ <o vO 21 LU Q-OvOO LULU<0(NI O ut-u --4Ov0C\J(\J sOXNJ 000
OLU a: Ouu o—'Q^a: hUJCCiTQlZOtNl 1— cC cC r-tCCCCCCCC ccox t—XX
• r> *—»~ OCL — <a_ ocxx: Z CO









-•2. ; 1—4 > IHtH
-HX LL U_C__ •* JCXLLLL XUoOLLXX>-'>-< C) • rn LL«»>LL •*•—ILLLLLLLL LL--ILL H-4LLLLQ • 1h U2W CL •*• <1LLLL LULU--
•
LL 1h- • ft 1—Q <.s:a. •» 1 <Q SSI .•>••+- LOO" ••>•»£»» •••«• OOLU • -•X ! » t- • •-
< <x^a = i— Z Om : = < -IZI- <::::: <= = - <= sOLLOO COLU<I OLL.000 U OOOOOO <<<3.aOXO^Q.LT^OOOOOOOO a.00
• •» \ -JO <wu (NJQm H-tooujcnoQcno ->Ctl— OOCNJCOLUvOf-—«f\|i—lOs|r-(CU OCQr-4O 1— '-LL = Q.(XO uj'i::Q h-o- = r x = - = XS Z= r = = r 10= s 5 ~ r
_J con OZ CO< CX —<z H-Q(X < iX H-
o <u_,-i-4- ULO'-' _JQ.<J-vfO 00t-.<v}-OOvfO OZ^<C\J<KXO^--tOOOCNJvcfO cC^-<t
Q.s eta: c-HJU. ajuacto 02:xcxxxa:x Q. <1 a. -<X h-X (XX (XX XX X XXX
• *< u Q. < >
o 25INS 21 -^ 222: 2: CO 2: 2:2:2:02:2: 2: cu 2: 2. 2: co 2: 2: 2: 2: 2: co 2: 5: 2. ~z~zQ LUUlOh-
i





cc QC-J.-ILL. CC ~i C£LL,LL.li.~3 IX1-1 LLLLLLCOLLLL a: ^LL_ILL-5LLLLLLLLLL-5LLLLLL (XiJ_.lL
ro lpcti c^lu -oo vO -o 00 co co uj*t<o ^(^)<~^i^ c\jcoLu--|cr>xLLxxxrnr>-ox loco ^r-Qxir\cr<xxxxin
•4-^"^f^-~LrvLnLf»Lr\LnLnLr\Lr>Lnso sO<Jv0^^sor^r^i^cococoOTaocococr, c7>o^u><<:cQCQcQcQOoooooo
000000000000000000000000000000000000000000000000
co o-4 y> c^ ^r r\j cm cm c\j <r >j- --o so c\i >r
-<r^ vj- ^ro vo c\i r^ ro <j> cr> ct» u^ cf> m^f^^-^r^nic^mi^coH-nirricnrocr*
cjulju-*-^cMiM(MCMCMi\ii\jo)c^^vr^^NTN-uALnMj^ur^r^r^r^(^r^cv)coc^Lr, oO'-^--JCMCMrcioivrvr^T-T"-
r*- co lt>o-4 cm rn <r lt\ so p* co cr>o—< cnjim ^- u -\ no r- ao C*o —• cm c 1 >rm ^u r^ <jj o> ^^ cm ni>r in ^r- 00 u>o»^cNir<)<r




|— • *• • *> ••* *****3 I- hh- H-h-
O CC CCCC CCCC
CC —I «»-_J_J —)_J
X 2. h£i 2-3C
C£
U_ 00 -JOOOO 0000
a: 2L««> 2.2:2: 2:2:
Q. ••'INI CC O0 Q. Q.Q.
O 2-i/) •» ••• 2. ••>••»(_) ••••ljo
a cx»-i s x ••> 2: -?= = = s uu
_) 3 OO •»•» H- < ••'OO—l OO-J—I
•• O0«»> ••> -JX Qf<1 Q£ ••> CC = vOP-OO COOoOOO •»•••>
H- ^: = •••u = luu ujt— ••> •* o o: s^: 5 s «£*£t—t—
a: <o c_xx •• luix u_<x •••&— •••(<> oc .*•»< m <; <i<a.cccc
CD CtU-l •••vOm U. CJCMIXf— CX UJ OQ = <JvOCX sOvOQtlOdQCJ
oo h- s 2:0 2KX-* oo^" oo<ajuL)ct:3: m ccac cccc\- cccc\-v-<.<x02 cc < 2; t-u-o •• o
00 000 _j— 22:2: ooc -?oo< <••> s oo«* 00 0^2:2:00 2:2:00000000
5i«»2:cx >-<o. 2 2:t-oo a o 2:2: 22 >-<—'2: >—-* 2: -2. 2: 2.
-jLU-3 •••. • ••U_„J <0 •••-->Oi.O') U_ -JCC •—!>—< i_LLU.-J UL U_ ~>~3 —} ~>
z. 2: ujco o dc rg aos;! s _s -•
s t—= u- 5. = = 00 u.= o"-«">_i= ajajaj<i r 1x12. 2.2.2-«»-:: = = s s s s s ;:QUO J_O <l <-JO <l CX ••> ^'0<3.a.= vUCtULfXlX O <l QLUCtXS 0<_>0 <w>*-JOOOO
t-4i_iaj.». o-itxixajuj = ••'-iocquo ••-a. oz-cx js. jejso—umo —
<
<m ~< c\j -o r>-
s or = x-*ooo= = ooc\i>;s o^cxr 0002: r oo = = = = r = = s z
o> cc ou-iuj 21— = ex: zzzh _ia: .^.»>.^r
(\| OCQ ••>.*UJ «»>stO S h-OtM <»-it-Hi~ili_ O '"UJ LJ^JLJ sf--3--o ^ -^OO <N <\J
cc>-ccz S2.N: aa: t— <c£o:>'ON(jq: cxom a: cc cc >t ex ex cc cccccccccccc
o oac <: lu<i— {j>cccccc ##•..»••• a: a:
2.M5:«a ocj:ooo2.i. oaa^a-N ooz-2.a-i.21 2: 00 uuu 2:2.5: 2.2:^-2:2:2.
•—'^i-HCt ••> 2: - —<>—< CC cC>-*>—• 2.2. «-H(XQCDCQl "-"UZ (X CC CC 2. •—< »—< •—I t—< t—i >—» t—t —i _<
U- U_ U_ •••••<-) Li.U_.» <l 2. ^U_U_^ -••-• ••U-^jSJi^ U_tX-> •>O-)O')O0'-<a-U.U- U_ UL Li. U_ U- U-
-i 2.QKIO CJ f— I— >-"0 CJU-LLCNJ OO C_) LL ••>
•(J t»M CC CC ••k CX ••* # *QC U. <I *•* ••^"O •*" *^UJ ••*••» ** t»* ••» •» • f « ^ • f L y^ • r- •»>,»,. t- . «. « ^ • t. •«*»««»«» tft •»'J—
r "~3r u_x r : : < uj cor r •••= = t— = o^cNJroo«*r = z o—*cyiZ = r s ••s r s r s z <O O OCJOO2.OC0Q. h"000000<lOQUQUQ:oOUOIQUUOOOOUOOOOOOOO ••>O ,, X<XC£O>-<O--<00 I^U)2O<LJO<h-OCCa:Q:QtCU^UJO<rOcrQCC£.>Trq0T<H^OOC00^^-l(NJ>-i
s ccz uu oooos u_= = 2 o-o s = ct:r s o= oar = = x z z = = o= s = = = = Q
< 2~ •» < zzo •• cc ••>••>•••••>< a: .•».». q: q:
oct:-^-'-'^- •• •••o»»>c\4<q: o<<<fOOvfoy:o<<<<LJo<oo«'-<<< tMc\ic\iNtocNjc\jNfNfooo
<x cth—'HujcC'Oaixh- uoMocct.ci.Q:ci:uci:iXQiQ:cc^oQtc^c^coQiQCci:Q:a:c£:c^
• o z)x. a <
sozusa 2:2:2:2:00 2:222:2:02:2:0^2:000000002:2:2:2:0002:2:2:2:002:2:2:2:2:2:00
HQ'-'aQCtQ'-'Q^tHS; UJ^--40'^'^C^H^^^O^^Ct:QiC^LX2-2:^^^Qa:CCQ^^^^^^•^2^l-^'^H^^^K^^_<27
U_a:U_0_/X_JU IU_U.~3 CXU.-}U_U.0Oa.U_2U.O0OOOO00~5 ->U_U_U IOOOOOOU_U.U_U.-3LLU_U_U-U.LJL-3
co^LT\coiJ_^vOQ^NOUjvrNOsO<J<o^coo^aoa3U_r^t^ci3 0c\j>^<u_rnin<u.mm
o <jooo ^o s; >o r~ Is- r» p* r- 1*» r- 1*- r«- r- r*- r- r- r- r~ r>- r~ r- (* p- r- r*- r~ r— r- r*» r- r^ r- r- r-r-r^r-r^-i^r^r^r^r-
000000000000000000000000000000000000000000000000




If QC • •>
2. o Qi
< 2: LU





00 CX CX t •* Q.Q. a. 0.0-0. Q. • •* cu < O
2. l#> _<c • » LJO uuu O 2 oj
-31 S X CO 00 OOLJ O a •M • t» O —I
o oo < ... LU -l_l -J_J_I _J t—
1
• «» h- O K •-co
•••.»>; rOX CD 21 UJ oOOO 00 CO 00 00 00 00 O SCO
om s U- X CX .^2 2 <CZ- 2«" QC LU —I h- _J XOC
LU—4 ••• •A h- <<l < <<t<L <im CO _C O CD cu lu j: «^
LU (M 'vOrri CO l-H LU act a_ CXCXCX LOC h- <5. CO LU CO H- H-
0.2.-^ 2:o-'-4 2. Q£ Q h-H h- h-H-t- I--5 M •> (X O OO '"X
too o_ -3«-a 2: LJ • ** < • •» mU<
-IS ssr zo 00 00 00 00 00 00 co ••• Q <I 1- f- cx h- OcXQ.U Q ^Q • •a: _i 2.2: jr 2:2:2: 2.0 2 QC 00 Q_ u X LU v/)
2«*_J -LLJ ajo<i -J ~3 -J ->->-? -JCX <l rsg .e<. t- .<. CXCJ2
<icq O CCH CO 2; CJQ. CO QQ. UC <l
ft- •». • •.(X • «> •* UJl_J —
<
• #»•#» « irii* • ^ •
-•(^J <x c_) CJ CX.V/J CXC) LUCOQC
LU Z 2. s s XQCUC —I z z s S 5 S z _ LU Q_ a. 2 2. 2 2 h-
COXsU <oou o^-y- u. OO •*<-> '^OOO •"OCO — u. X^ UJ X<1 i_) ••>
CXOX CXQC —IX ;x;u.o m^t— r\j(— surucut— cr- 07 rvj ua Q_ ox 2.X
oxz 000 = = OCQ CO Z Z CXZ XZ Z Z (X = .- •— CO o«* x^ LL Xh XCJX
o ex • « 2 _1 = CD »-H 2fX OCX
o--o LU"-«J*0 nJ-20 vOvOQ-mDQ.sOsOsOQ.vOO LU •-HLU • ^00 LU '- •"OO M
-^cx fvis cxx -•132 1— XiXOiXOXxcxoo-uj Q_ « •. rxh- co 2: OX 0^2: h- •»oo
t— LO ->•-* I— z 2: <IO0 -J 2UJ -J CX*! 1—
'
LU2.2: OO—12-2. 2. at 1—
1
2.2.C02IC0: S2.002. 2_ ex LUmh 2. st- 2: <U_
OO^-t S_Z >—<t—i Cl "LU co >—«>-H,2..m2.mmwj.i-iQ <l -C cue? CJ • ereo a . a. >-
QC—ILL. ••-J XX'*—Jt--> u U_Ll_-jLL.-7LLU_LL.-JLL.iX CX UJ -JLL M| -JX CJQ
<l 1— O 1— 000
X •»>iX ••..•a: •<tlu












LUco z z = =
-
z z r z Z M 2:x sx
l—ocoaosocoaiMH <i LU booooooouou. 000 LL2 <o U_ <o x ••2O U_O i/)—
I
y* CM rtlU) LL < 2! t— _-) CsNj__ir(vrs_r-cocr'Oom LU CO"—
1
XX 00 UJ exx 001-'-'
a:: ,2= xz r z: x <• s s s z z S 5 '" S z • •* O"'•CX Zs/ ••0 22 ••0 Zcc
»- < <: oa 1— LU z CCSOO <CXv_9lX •" <M|Ja:- •<<•••
-D0<C-.0">r\l<CX0l~2 0>>tvtOstO^NJ-^ONj-LL'» LU< CXCJQ-LUCNJ CX_<.2LUO XQ-co
Ooclxh- xialXiXH-ixoolu x -icccccccdccccixacccaaz NIX •• I— ^cum--^ t— CX CXM r-i K-o-)(X
< O 02: (_j 00 2
2:2:2:002:2:2:2:002:02.
LU -« t-i 21 mhQ _i—1 2.m h- LU
cxxx"jxoxx-jx<.x












COCO COOOOOQO LUX LULUXLUXLUXXXOOO—<—< -^rvJCNJ (NJ CNJCM CM(^cn Hlrn 01f<1 C^rn f^n C^(T) s^^ -4" sf
h- P* r- r»- r*" r^ r** Is- Is- r- r»- ^- Is- r- r- r^ r*- r*- r- r- co co co oo co co co ao cu co cocococococococovWcOvOcooococuccaDco
h- h- Is- r- h* Is- Is- Is- r- p- r- h- p*- r- r- r^ p- r*- r- r- oo co co co co oo co co coco coco coco coco coco coco coco coco coco cocoOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
f-«—4—*COsTvOOLOrfsCJ>—t|s^LT>O^C^Cr>^Ln—^LO—'LH^
ujcuajcou^cfoo-H—ti\Jc\i>\jiMog'Ni(MrfisrsTu>Lr\suvui^-i— cuuJcooJcuu'•cJ^c^>u , triv/, ouu'sjUkj rj'-'-j-'•--•U<U^U>U<U'OUOUOOUUUUOOOOUUOvJOOUUUUOUUUOO(Jmmm_i-jmhh_i-(M
_-< _-|
-_l __) _-l —4 (\JOvJ (M I \J rsj (^j ,^j fvg (^j pg pg pj pg pg p^j pg p^j rv^^^pjp^pgp^^pg^pg^i^pgpgpgpg^tNjesgfyJtvJpgpgpyJ









Q_ < • •« II
• ». <•> OQ 1— Q.









X H- <£ QC o II
L-> O _l LJ 0C2T O0 L»











LU 01 h- X • * <£. CJQC • * u.O 1—
<
o 2. «=l • *• ~*<l LO
< LU <: —1 Q •» < h- y- h- h- •k
QC 21 o X cc OJ QC c*oo CC cc QC QC %0
O Q < • at h- o «
*











oc LL LL LL LL O
• •* CD ^-4c\jmvraL V) 00 OO 00 LT\
2: CJ V) X QC QC oo r^i LU Q.Q-Q_0->-h 2: 2: >: 2: II
lj ex. LJ LU LU ^. »• h-U. Z3->—»_JLL —> -5 —> ~) U.
QC a. >c t— M LJ oo *C 1— t— I— 1— ex.
LL J- i_j L/> (/J QC *^<l -JLJ ••" •«




LU a U<Ci <r
oo»» X • •• LL •" <r •- o M o 0<LJ orNO<xoo<rLno<<f-o<trn 11
LUOC o oc -<o LU • •» <.» QC >>->>LT\^OC oC -> QC —ia: —
•
QC
H-LU at 00 LU QC •- Q O MQ a. oo 0000 = O-J O O O ••
31- co—
i
QCI— s:-j QC oC 2 ^QC OLU5: NMNN —IXQCCQXqC—IXQC_IXQC_J m
200 OQ OoO OCU LLLJ t-~4 0<£L-> -czzz^cqo XIO COO CQO CO n
—»•-—# 2.CU O-H -JUJ Qh O o «£0 _J>—IQL CCOJXi A2iuJXi.LiX5.aj i—
2CO l_) JLO o. ^C <I LJ_) •• CUI— LL ^<£<H<£. »-^ ••> 1—
i
l-H k-H ^




UJ ~> CJ O-J LJ0002. •»•• • LLLU t»-LL •• .^U_ •-••»LL ••>



























a.qccxqcq:: •• 10 O QO
CO»-< -JQCOO OO—iiu« oOO 2 O QC -Hf- <<<k in —ilox —i Lno_JLo —una <i
Z^UJOZ zyiuxz Q< ~ZL « •• 00Q00 QCQCQCGC3X ~ S X S X S X »»
<aC2:oc< <oc s < < • r> < • »>s o Y-CC2Z a: •• • •>•• «
•
• • fNJ
ocO'i-«LUaC oCO i—i .»><x 02 ••o X ••OLLCC LUOO t* • » x •»•—
<
^"Ln°J-4* •* rOvj- • •v}-^ «*• 11j-^H-^t- t— .si— cr>H- J" 2-QC O^CClCS LU OOOOQ.O 1— OQ-QC .-iQ.QCu->aQcrx-Q.Qcr~ <
CJ Q < O rvl ;DOC _j a _j r> 3
2: <O0 00 2: <S^ 21 QCO S<L)2^ 2: K j^HZXhSShSShSS 2
LU D2.z: LU OQ5. LU DD^ LUCQQCQLJ LU LUQ <QLU—
1




-J-J-3 Ct -J_|-J QC Q00 QCULOO_J^. QC OO-J U l00LL_J00LL_JO0LL_JO0LI 1 O0
COCOCOCOCO—*>T<- 4-^J"^- 00cOCOr0cOCO^^4^^—«LnOQaQQQQ—<vtf^-<Orr|LncOLUO^OCT>CO—<^-<)OLLLL
<
-J- ^T vt vj- in in un in lh in in ir\ ir\ lo in inoo o ^oo -o <3 vo voo oo l*- r- r^ Is- a>cocooococr'Lri C7>Lr,< <;<<<<









.vjc)N3" L'> vor^-coo> 0'^cMr»)<rinvui^-co(J ,, o-^<Mr<i»3"UA-jj(>-aocr>o—'(\ic<iN3-cfAvor«-co
r~— r— t— r— (— c— r— r— r—. r— r~- 1— r— r— i— f^— r— r«~ i— r— i— i— r— i^— r— i— r— r~- 1— r— r^— i— r-— r~— r— r-— r— r— f— r— r^— r^— r— r^- r— f^— r^— i
—
C3 C3>CJ> CD C0>O C_><-_>CT> C_> C_J C_T>(L0C0> C^»<LC3 C3 C_J>C3 C^>C_JC3 <LJ> C_>C_^J C3 CZ> *CJ> t_J CZ> C0>C0> C^ <-^> CO) CZ>C0>CT> CZ3 C_^ C3C23 <^> CL^CJ' c^» cr> CJ>
72

X ZO OO O
> •• —< •*
•«* 0«* • •» ••* ^. •* H~ CM
u <_» h- y— •* H- r— <q_
••» ••> h- >-H ct <x .-i x a: t— *-*
in > oo ot^ —I -J cc —* lu O •*:
r~* -< M Q.Q-X ••> X U_ q;«»>«»-co ••>
ii o •> *• o 0">J- oo ex i— oot— a.
o u t— zi— :>o •* O ct ••« oo xxict>- o
h- lu <x oct oo wax a. o x> i— s: uluujo a
u_ a _i ->_i ^ sh *: _j«- a cc •• -3 ocllm _j
i-h Q. Q. ~"5 ~0 00«» •• 00 f— •X LU •»•(— .••.•. O •••OO
X LU O .r-o .* <0 ^1 <£CC^ LL.h~Ct .««l— t—^UL' OO^Tt-^:
V) 00 cc O ••> ••>—1 *• <;ujixct ixlu cmxxc~J0.1.ocx <
•• O 00 <l 00 Ct —<—<»—S Q. 2 0CU.GU 00QU_>-iCJUJ>-<-5-;(_lci:
<4" i. iXS. _£ (X QC<Q 2 1-1 f— <t i.< CL<IU.(— in <LH-
^a~J~3^ _J •• OO OO I— ~3 00 2: U-t-»'»
II I— •• • * to X'*X> Z 005:0000 0OS >-l(/)'/)UJ -IOC 0000
< <T«- 0.» O <^™UU— - CC S"3i(X ••>2."0 ^ X 2- Ci 00 <t< 5. 5!
t— a. ;>—< cj~» x>xrvio«»> u. o ~o "J*-* cm -' ~>_>t,-D qc -? -?
_3 oct CtcX O CJ cto u x ••< x —t • •> O C3.<£0
X 00 >-x • ••x 00 •»hu^uij <-* lu = cx = <£. ^r<i= > c ^ct.2. 0= r
V* >— OO OO —•Ct<iLt -3l-'CU * O 0*£0'— U_^ll_)^ ^.(_J^>LJ 2.UUO
lu rvjx x. •»< ;>,5fvi_£ xcq ix o •" m«-<*T _<_<(-<-)_, i-irq^u. ct^xro—
<
ro oo o u- Q • o 5:00 s 5:= uu ^s:= 2: a.: *-< ox = z
-^ IZ •* oc .t. cc «*Z •••aC ••-•• * Z _J 00 uj •»•
II •» ^JO 00O O000<0 O ZO OONO OrvJO •••0JO_l00"-OrvvJ^0q.lu-5 a <->ix'Q* a»-i (Xcto:^: >-cta:x s dtq:od: oictiix
id ^ s: .*5: a ns: x: qh a. ^-,\- <t o o 2?—10
•. w .t>Q xq <a q«»-q»»-_joo ct 1—0 2_5_s_ rNis.5.x. rqi-Siamiji s
OJ h- Ct —J Ct I dJH-JO <l — <l*C •—•—1 >—< I— 2C~<>—<>—« S —«i-h = iXmm
—I
_-> <1 •• U U C_).*_J Ct e— ^) U.liliJ.» XXU. XXH-UJ 00U-LL
11 u a» !•» u -j«»-ct .ocot- •• cjx cxaj^c <r r>i— >r
><: oc o 00 —i <o o cc<. i— a: zh-o ct •t>«-Q-<<x •*••> •»
> .^ct: ••>Xoi »-o •* '"ex •»o: •••s z •• 00 s s = «-<z-5r = = r s zi— s = r
—• LU O —
'
—i>^OCjr.^Ovt OO OOO < OOO '"SOO -•<-.) 5.0OO ••>
—
»
lo i_>xix •xx •—• ox x ••>»— » o •-'O OvtniX(X •«tooi-\j^—'0(nj a«oo(\j(M
11 >-h q:u3:ju3:jq ccuouojq: a. ro s r s oox= s r 2x= = l— u-= = = z
a. > x <x <o«' xxxx<_j < cnj qcqm <<r< m 000 -<Z i_t .«. .«X •••XLUh-.«> 00 OOCdCL •• O^O^^O-JDCistO^O •• O^LUZ "OOvtO
•• Q..«l.^r-4 .^ OCL«5"> «•> O < Z 0<>-,XXXa.(3 iXCtX-3—>CCCCh-< p-,XX(X~5O »— < "O •• id <"0"»- -< O » Q. Z
-* xtxo s:vj- sowuo -h cnjljoo 205: cesses oisszh^sx; -'Si^is:^:
11 uj>q:qq>qq>5:iq:q>o>jz >- lu lu o^^^uj omwm 13 ^t-,*-,iu o<-<t->>-*~)
Z CtQOO_J_JO_J^JQ-JOOQ_|CJ_IOO~3 00 CU CC CJU-XLLCt (XILIULOIOILU-IX OU.U.U.O




rn cm rn c\)cn ou in (^ vr <~* ro aj00 sj- .-im r\j r- >r p* r- r- r- >r <f^ -^ <r o -o og cm f\jvyc\j 03 vTn<j c\jajv3--r ^or^rotr*























































= l_> au fX <*r*




r cXOt— •»>~3 •-
o ox •= XLU.
O2ccocr-oa.o •••oh-
r i-<z. xaoux<i
ll-jll t— : a: (— ooo««-O LJ"- 1-'-! •»•(_) ifH<io
CC'*'* CMoOOXOcX ••Q.QX




'••tOO'i •• LL •• •• LU<Z<II—
cmcxcxocmo. •• = xxcxcclucxoo
"- zoo. clz <















































LUQ.-J CO H- OCX
























































































































































































U>C/^C/^U> U^C/^CT1 (J>L^, 0"C^U> 0>U^C^U^C^y^L^>U N C^
OOOOOOOOOOOOOOOOOOOOOOOOO'-'OOOOOOO^-'OOOOOOO^-'OOOOOO
—< r^ rn r>- r~ ^-1 -r ^^in r- <^ •—<m rn n -> vj- vj- <r ^- -j-o r\j u>—• co «j ao aj cr> sor>-cr'r-(^-f^-r^-r»ovuco^-c\jr\ifN)(\jr\ju><r
rn rq -T 'T >T -T <T -T <T «3' >T *T nT -T <T 'T <T VT >J- «T -T «T >T «*" >T "T >1" -T <T vT -T <T -T >T <J- vT ^T -4" <T >T -T U ^ LT\ U -\ U •> \T\ Lf ^ uO
c\jr\j(Njc\jCNjr\|r\jr\jr\jc\i(>jc\jr\jrNjc\jr\jr\j^
r»- ou (j> <_>-* t\j r< ) -j- in 'U r>- a> c/> o«-« l ^i rn^rm ^w r*- <x> u>o '-« ivjhi vrui vo r*- oo o^o—< (M oivj-u^sur^oocrxj-jrvj")^000-^'^'^'^ ,^'— •^^ r^'^c\jfNjr\jc\jrN)c\ji\ic\jrvjc\i{V)rrin) "q nini mrnrr-iro^rs)" N3"-^"-<r<"^"^" >3"<r^Mr\Lnu'\un







CL ••O H-O <l
s :s _) •••I—
oo •• i— </)Z »• «£ — CC<q.
-< (— <i t«.o: i —
i
< (X CCOQ SLi-
o >-•* a. ••> t— ooo ••> #••• <i
2T nJ- OCl a: CL Q-Q- « •• 00
<X »•—« OO 00 Q100 o au CC < .t. 2Z>-
2 ii _io 2. 1x12: »»o uo <. an a: -jo2 OUJ O—I ~3 -5 t~_J —l-J DC •• < M»»
< —too c^oo 2 • ••rXoo cooo I—*" X ai •»•• I— ••>
\— s <i lu«£ ••< >-'" u»">rniuii ^:^c •• ••>cci— o — s «co:i—O LU M<3.^-4 = CM h-lS XLL< <<l O t— UJQC X ... aOUUJU.
CC ZO OCX OX KOU Ot CXCX CO QCU-OU o lucm""3U.o
<i >-• •. _4|_t_) ,j-t_) < S3-(_o')i— h-i— a j i/i * o xr <i
r- cc \— s i— u: ^2. Q_oo —• a: .*oo
cc x ii </>•-< •—' z 31-500 oooo •• 02:00 —* ••> 0000:2:00
o a. mz:_5 vo^ ocmoo 2: 5:2: o ->2_ •• •«• j— 2: <-)i
U_ •.(_) 0O~>t/) (XOO QCCC •»-? -J -? LC OO ~> OOS: t-O <l -3SLCC ~>
Z — •—1 \— >-cm 2: •«* ••u.ioajo: X -•••>
LU <_)^J ••>->- 2->- 2.0 1—••• •»•• O "}»-• •*•<->!— _JCt <£. '"Li. • •••-« ••>
O O II *»S O •—«0 LU 1—<IVJCX= S - CC l-L.; <1 O •—' ii uul:
CJ S O iUN ,»U.N ,»'NU-<liO"UO OO *»^OUI-"ia. (_/.»• -^••CJLJO
i_.»> •• cxcn i— h- i-< t-ioot— r-icnj ••• z Mnii-uuiJ^) OQ ^: o::srn
00 zm 3: = zoc •••2:0:2: •-^:2:= 0: = s m>- 02: = a:a:x a: »-«o h-s
oz •—1 ti o—1= o—1—<r o -J >z cm lu .- 2: ••• —••ZO CL .»O-)ao-oQ-ZO">Ov0Q.^v0«O S OCN>LLX .»-= Z)XLU or OO CM
•-it-" MCQ OQi 0-< 0>-«rr> a: CC O QC CC \— >-* cCC£—<U<^)ClO ")Uh CC CCcCcC
CCH- »-.»«iX •- r •• 22= •- —>Z O CC XOCM»- x< <
cjo qi^cq 2:0:00 ocoo 0:2.^.00 2: 2.^) .^a:^-2.ujh- t— = 1— •• i— 2: 02:2.
(— *£ OH _IOM<i^<liU(-><l>-<t->ii-<>-<00<-
—
<•—
• 00»»-ULI <lo««-lj ••< MiaM »-<
o_> u.ajoocu.a~3a:Q:"3t-Q:aa.u.ou.u.a(xi2u.u.Ucjj-<oQuxQ:um , »i- u_—ioou_x
LULU •" OO (_)-* 2tX CCQ. H- <X U.
> 2ir<*i , »v .»ih«j;ih».x2""'"»'» ,»<«X1ZI— LL ,,>, »,<t 2! lo wlSf)<d" •» #»••»••
••> 00 <ll s ••: 0= ho: v»^o= = s r = »-<i-i s z 002:2:^002:0.0^ r •••= r sO OO 0:clOI-OUOilQO>U.QOOOOOUJIIj:"'OO>QJOhWXJOOO\ 0=000O -<_).# <o<i(Mor;r<") o:^ cco r~> eg c\jm^ ooi—roo ll o_j^-< roooroo
in ooh-o »•= Q-= = •• : i— •• r s = r r o«. a:r s i— z«« •• >••>..•• _J2:-«- s ro= = =
(\j Q1Q<q:c\i o •> —<•». ooog«»> ooro>_j ooiu-J- i— •• 0= I— t— X ~
OOUUJ II OOvtv0OIv0OUJIO<|-N+O^vt2Ioa-tOUJlI<|-Nu.<<lll< II ..n1- Ost 1^
z U2>-iiM<a:jQi(XaoQ:a:t- 00:0:0: a:o:ct:LUOrvioor:a:i-i~OQ.<2= xxo:o:x^:o:coo:q:o:
•-h a o h- 1— t- hua clz o
o 2: 0:2: 2: 2: 0:2: 02. ^-.02:2:hqsz: 2: 2: 2: 2:wzw 2: 2: 2: "Oa-i:5:w«MNiujs2222:
uj lu o^J>'-<Luw Q:w3:Q:MUJi:a: h-< wwHHrtLU3:o2t-i«-HLLi 3JaoQ^U'^wuji»-<wMMM






C\J CM C\J C\J OvJ CM <\J C\J C\J CNJ <%| f\| f\J C\| C\| C\J INI (NJ (\| f\| CNJ f\J iNJ CM C\| "\J CM C\| f\J CM f\J CM C\| 0>J (."vj CM CM Csl CM OvJ CNJ C\J f\l C\l CNJ CNJ CM OJ






• •» • * • •>
O CL
a: x CJO lt>
X X _l XO X
• •k x«* X ••> (_) <w> • •>
V) h- t— 2: ^J •« 00
• * 5C • »>u_ «-l 1 • •» I—
1
-hO UJ
00 X • «* i»s *—
<
SEi-H 00 2: ST UJ





ooai/j <xoo X 00 2-0 CJJ
:j X 00 • ft — X X2 UJQ O • •» _l_J««oO t r. .«*oO £ 1—1 3O O rvl 00 00 ms: X (MX CD X M 1—1 ••>
2.
<l
-3 «£2:x-3 ~3 UL.-3 • OO •-X CJ
CJ^
oo 2! aQdU'* «£ 0««* _j -J (XfNi ,^_J r
< O 3 h-h-XX _) x> OJ < • •1 OOCLQj •»X M -> 00 h- ~3 001— UJ m •I Oi~<UCQ
1X1 Q OOOO X LL X 2: X O Is-
uo CC •n S2:.^*-< • #» • ».>—< • •» *—
4
O0 •••—J «^ 00
U^-< O K- -J-JOIX h— mi (— O X mxu 1
2: O x XOO (X 1x00 X X <a •xox -
2. .».(_) »•*•«» O t_J i_j UJ l_J >-H 2. CNJ h- Jt UJ
ci>«q. CL = <l = = X*£ <l 1Z OO UJ XOLU UJ s s s s
«=.X CJ u» oo<-» u •• (X ^.X •* f—
4
CJ





X2T 5 2: z z < = 2. <r 2: = X •• XX •» Cj> 0>
o< UJ -3 ••>MO~5 • ••rsJO-3< X so K<• ••X '"X O CT« 0>
f-H 2! CM nO^OiA —i 1 LO (\1 = 2!X 2: O ^ OOO —1 X •• xx:-^:: • •> ^ZZ f*. 2: •••—J <X •»>XMX m O 0> Cj^
lux (- rsl X •• O >-_J (NJCQ H- CM^00 0^) ff. CO r- CJ^
JX. ••> 3 2:001^12:2-2.-30' OO:K2.-5O00CD >—
<
XOJ l/IXCt -! X <J CM m r-4O O 1—1 —jk_<_<lj tx -30 at UJ 1— ^tj ••> •* (_) CJ O CJ
000 (X XO LLU 1** O _J ••• •-W" uxz^ "og O
-«<—
1
O. • •> OJ2.<l • m.i.-d*'- 2: u>xaj <-> •"-iXOX O') CJ O
QICQ -Z INlh • «»cX*-'INJt— Z> XOOX »x 2: h- O
tX CO O = X = = = LL (X= X X X • •fc OOCO 0>-tX 2! O
CJO l-H OZCQOOOQ ZiflOQ 2TO x««x sO UJ •• xao < CJ
Oo.. h- OOoOr-tcM^T—i •• OoorO—i •• o<i H OQ.O r-H xsawzx 1— O
h- < r -j Z Z = X~3 = >~3 X xox CO OQO 00 O • •
qs:< J— •• 00 ••+- co ••(- 00 1— CNJ I—. 2: OCMO «••0
«^<t- auJO«-5:^^fNJrr)U. ••>:s:r\jc<Vu. •21 X • • ••>_»•• X _jroocM O ••o-OhOMO
xxoo xh-xa-3xxxx«-<iQ"3r£oc-'Q-> 00 j— caxcT" ^c X ' •XXXX O •—IS •—<• Q. E -<S
<i < a: ia XX xxox 1—
1
h-O a. x cn q.
2: _j 2:^2: ••2:2:2.0001 ..2:0^ 1 .. 2!«-h 2 sa;i-lo2 2: DZZZZZZZ
UJ t— aiu«QNMHHzaoxHZOD> XXO—'O X LULUXOST"-* X ^o^o-^at-ioX «4. XXU IOOU_XX'-i«£_IOOX»-<^_JOO X00_I2._J CD cxxxx—<x X f-o 2. 02.02:0
_i-«-~4c\jc\j cmcnjvoox in co c\i co< r-4c^<t ocmcocqcq co coQoginiAinooo(MNQoiAinininiouJujr>-f»-oo
<<<<<<<<<<COcQOUOQQOlJULUUJllJllJLUlJJUJU.U.U.LLOOOOOO'-iHHr-iH--^--<r\l(Njrci(<1
< <3. <l <. <i< <a<< -q.< <x< <t <i <t< <i <<<< <x <.<< < <. <i < x co co co x co co oj co x co coxajxajcocu
OOOOOOOOOOOOOOOOOO^OOOOOOOOOOOr-^^-J-J^r-i^^i^^^-J-4-4—1^4-1^
^-1 -^
_< i \j (\j cm c\j %y m in —1 r- vj-o rsj (j\—< cc ^r vu c\i u -> u-\ cn lc \ r~- cm cn inmo v0^cjornu>cMr^r*-r~i*"r*->o>OLr(Ln>T^
cMcMl^J^^JCM^^|c\l^^J^^c^>TsrLn^u^J^J^-r~ lJJco^-^>u•, c^tr, cj>o^cjcjo <-->—«^^^-<—4 cMc\ic<)oiii)mi % »rriNT>3*mLr\su^o
r^r^r^r^i^p-r^r^r^r^i^r-r^f^i^^f^^-r^r^r^r^r^r^r^r^cijcwajcwcoc^
CMCMCMCMCMCMrMCMr\jPsJCMvAJ(MCM.MCMCMCMCMCMr\j(MCMrMCMCM(MCM(MCMCMC^






o •»•» si •• o
2:0 ow ••>
• •> M O
z:>"> »• cc
aui- 21— 3:
•UNIX Ud • •>OO _l -3—1 CM •- • •>
—izcx. a.
_i o ••> h-SUOU «"0 • •> 3s. K- CC
acc-j cc o z: a: _j
_JLU (/) <ll/) CX 2: CJ _J CL
PM.»Z CC*. 2 O _J Q- O
(/) LUQ-<t • •> •• t* CO
t— oouo:"' o«»- o •• m to x
.* lu < cQivi'^fX oia: o cnx —'i cq-j r-
^. ..•»•_) .*. • •* ••> • * •» j— ••> • •> ocoo ac «y.(_i_i »!•• _i»»
•~to<-><ioooc_>o*i-<-><-> a. au auo u_m_L2. 01- cc vc
I O —• t— OOOOOUOO <_)•»• X X. >«(XJU O-rvlcXO O
• O CT> OOOOOOOO ••> Xi" O U. 5IXCOCO -J<X <x
^oo^toooooo oouj cx<«- cc .» ;xx 3: zino r^jo
^.OOh-OOOOOZOOZ <'3 O 00O OU<ONlja X X
—"OOZOOOOOOOOh-iOO •* •OX<LT» 00~5 2T«» 2: ••>o<j><ooooo'-«ooh- •»-<xz:m.~xc'oo m •••-h 1^00 00
u_ocr*H-<-o<_j<-Jo</)c\ioo 5.u^aa;u.Qa:<i'« s.o_ '-a: -? ••"?cjocromtncjocjcx-TOcjo jjjchjj: 2.^00 '"ex -3 "-srco '•••:£.vOCM^or-moocuooct. _iu«- •• -•quj uj< maocmoc>co^oo--<r-mo>0'^ aa ••<ij. • ••cuocx-? iwct •-u_i_£o_
1
— c\jh-ooo(Njr^Ln2o^o> •••cocoo 00 _i •o< ocx ••••••cc ••
2: in »* oina*<\ir*-oovO-JCL arox^oo-^u-xcQ -q: >"0< -o<CT^02:ooroo^(NJO o»«^o ol 0"X a: cc :ou_x ljo <icc coccH-vJ-in<<->rncomtr' oico *-* ioxw.-iw.» ex •• qx otom-fri— o~isor-muj o»-«v0 h- ia.xo ,,'JU"'Jo iujo^uoi^oiz—icoooroo^or-s: osro -j 00 x = <x: <a:ou^z xoco«a:uO vO«»<t" cC O (•>- CO O CO >-h OCCP- O XO" LLCC LL CC CO _lX< -« ... COX'-COX
0««s ^:s <^srr = rh-r lus 2. •• _j<r ••»:: >*z ~ as o**" *"0 ••
i£ > ..a. (—•••a < "CD .... ••.•.o** 0«»< "co
z:>2T2:2: z: »2: ••z^zr^z »z s>z^z szixcocxs: sisi- stvo^cnjo rno m z:co
ujzOmo uj^or\joroo<}-Oino lu<o ceo lu_j_jluqoo_jqo-J_j-J<o_)(XO-joo_io
q;huj:o i<io<u<o<u<io dcquio (Xz:orvi_j_i_j2--j_jz.:i_2:o-J^-co_ji._j_is:-j
o^ cr> o> cr> c\j c\j co co ca co vj- <f-oo -i>o a. u. 00 00 co co^—'<<<< u vf co rgmo roo co lu— in cQiuvO<ujvtrs-cQ








C^C7^a^o^cr>c^o> o,^o> o>c^o^(^o^cr<cno^i^^o^cT>o^cr>o^c^o^C7>Q^OOOCJOOOOOOOCJOOOOl_JrJOOCJO'JOl-JOCOCOOOOOOOOOOO<-)0 0000
77

• «• • •> to
• o < Q.
CM iZ






w- cx X X".
c? * r. 2 to_J 02
to • »• Q. 2,cu •** X.
in OCX <a X QCU cx CD
^ cxex CX ^: .03
ii i/J X X t iiOO
o O o •Ol—
1
a
h- •Z x to to »o • * OU LJ Q.o to
t IX CM»H CXCX Q. cx < Q^ cx
P- »—
4
• •» CX » «. tX <I< 2: OLU <
II X s 3 •• < LU XlfNl to
Q. oo ex 2. i. M XO a OO LU CM to_J X
o ^c tonf o LU oz C_) ^- a CJ
•» K ••1 0-£ h- Xh «q. to<l CX to X
o vl" <3. i»< < ao so • *
II .-J <I o (_) to CX O • •»•»* • * 00 mm OS 2>»
o II Q > _l cXCX 2! O co 2: CM _l JU ••> CXO
*• < • r» •o LU o 00 _J -ICX Q X 1— 3 • oj:<3.
m I— i. o 2 l_) o C_J OJS cx OCX u_ toto (_) *i LJ




_J |— O toi\joo <c t 1 •*• J- ^.^f l»li X2"~
UJ cx X • o CU _> t»00<lCX • t IX (X <l torvi O") OCX O r-l
oo ts oo vO UJ u CX t-H_S •• O rNi cx <100 X-J- LU AU>
<l -T t ex cx C3U-i<£ 2- CX 00 s:*-1 X OO—1^> CXCX
CO II rn • O oo \— a : «^cx LU -< XcX cx XXCOO .oooa
O cx r-^ O •••O 2 O0<0<3 rvl 000 00 to X COO
o V* II cxo< O LUOIX LU • X **r-4 toto toj-
Q. m cx (/) 5: -H *-U.O>-<0"> h- O t • m> CXO • •» CXCX too OS00O ii :z ••>_! i— </) —lO-l—ICXO <l CX to^ < iZCX cx ^2LU< JG<
to o> h- •» 2LCUO0 1—1 —JCXCX<3:oo c-> UJ CXC_l 1— LU iZ Ctr-J CXCX
Hi (J 2 CM QOJ J> <aou o Ul r>4 2TCX u_ Cjrsi aaiiuz to
(X »- O f—
1
cx ••f- >-«>-Q I— •-CC _j t_) . PI 1-H —JO l_J 000 CX "O
JS a. •» II or-
1











^ <i a. lu 3: • • o cx











oo •• P- < O^ OOiZ t-H SI— • 00 —I LU _IO LU h-iOcXOO CX Obd «t XOOO
a: O. O CT< 11 -JfXoO >—'i— <t •—<<t i- q:ni OQCXOOOX XUJO CXXCX >LL -5
i/) -J < m CM II CX ooo t • (_)»—• o0>2:•• uu O <QLU O^-^I iuc_) Qejcz tot*
• ••CO t* II CX2 • • «t ro^< LLJCX •oO<0>rMCXX M^M •• CX «o..XUJN NX'«JMI1I LOr-^ to
oca < 2 <(J »• i-ocxs usewzs;i-h C7f 2LUQ<CXCX2: h-Z O 20 -10a
•• i—< o cx< a. Q to •* t 2> 2: to<[ 2 • .0 2 >o
sr- 2 o 200^ OSN -H s ocoMcos223cxrM icuoz 300020 sa
o_i >- LU > II II <l— 00iZ LU UJ_lo0—100 30000Cj O-lOO OOCX-JOO 000
_ii 00 CU wuz 5: i/i »-hi00 CX QU'-'UQCOOU.O'HJXUJO LLh-000-32 JUJ
^ ^lo La lo 'J7i00OOOO^ r^<00OOOOQO^<OtMror^c^o cm v^cDOLUrn co 00 ou.%00 cmcm vO<
u.aiLu.LLU.oooooooooooooooooH^Hf\i^c\iMrgnrfiror,)rfi>r<T-t<r>tinin'Ovo^'0^
CX) COCD CU COCUOOO0000OOOOOOOOOOO00000OOOO CJOOOOOOOOOOOOOO
—1 _i _j _4 _(^ og (-\j pg r\j (vg v->g^ pg j^j r\j rg cm og rvj CM CMCM CM cm CM CM CM CM CM fM CMCMCMCMojcMCMcM^fM^J^McNI'MCMfMCM
r^o-^--4-^-^cNic\jcMCMCM;Mrf)cj^cMLaLnLnLninLa'j^LacMouo^ur^'^n)i>-c^
















• « O IXO h-.
H- Z -i<l •* X
Z *-* fsl Ql •—
<
• •.LU • »> O X
0:2: •* z:z •- o
LU 2. OO XX ••• •»
O-J ••'OH <l~> OZ M X
xx ••> x:s x —i *:
coa. a. x •••• o _1 •»
CJ CX ••• XX •x^l "-< XL
..>C_> X< CJ Uw LL *•
CX O 0<1 Oh- CX
.* ... 0>- Z XO tXQ X •»• X <£.
t-A 't-^2 O •-« •«• t/)_j —'5. Z ••
o >x xm h- .*.* xx: 2:
> t-'.s OZ • •> O a_>5; •»•••> oOjS rvj »
a u x a. a —»o us: to o.
CJ • •> .<£ (X ••> >- 0<I OCX Q«»> hh C?O <-»<_> «»>LJ _i ;>- X f— jS.'- _)<£. •«
<i u.-j x x •*• o • •>••• <js
*c ivia. ^ •». x <i u.cx t»«»aj ••o _).*. »00 • * x < •••o o qhj U.LX. jix a.
~3 Z_l OS OO O DZO ZW ^je oO -JrO O ^5T> XCX <U U- •.
...
~J»» ••>••« l/) X»»>000 OcO CX CX X ••> h- •» O
a. z ^ch-«* ootNjuj m.«x t-^az uz: OOCD •»
2: ... zx... QoxZ'-, •* ^C-i xo <i—1 "-a.XO XOOCO 'OU2. CTJ.*5: ifl N X U-O"-—«x
X <£X O OO X*^OQ-C_> .«l/) ••> O ••O W-XXJ.U i- U^(JCO-i(X UUm aj.«>.'>0.* _iX
X C_> r-l (JUCt UQ.<1 —3 <l _IOCM<l —ICQ »•
J'»>>»XX^ OM«* 2TQ ••"•N <_>••« O O^ZCQcOH-
••> CXQ.O •-•• CX ••3_JO>3- XX 0> 3D ZO »ZO^ OhNZO>"5 QZWO "XX^O "O
<K i-l O CO OJ 2. _J «i o^) CJ X "UQO LUl/)OOX"-£ ••
o >-Xh5:_i-jQOujM-5cQcf»t-a:<TMX a ontojoa
nuwoooa: 2: 3<H-3oO 00 •-'•• _J-J<
• •> OX<_J •»uj'*>«WOZO X«»-QX >(MX.»-««>-«X •»
o. o cx ^-jxx ^u>"Ua< Mouat\jiLa:<
Z H •• ••O^CNJ X X»*0 CXvJ- XCX.» Q> Z_JI— LU
OOZ>CQaJcQQ2.(J Z.LUOCCQN "-"O QXM JW>ZQQ «3wDD3QUq:qqIZ<DWQ^< ZUWQm<0>Z
_j aQ~)Oi/)i/)i/i<uwjiO'-H0< ,-,J l/iQ iiiUMJLLaowaj
x «J- »* r-O u jo c\ir-o lu cm un 00o lu —< loo luin coxxm 00<o c\i rn^ nj-
^or^r^r^^f^ooci3cococa(^u>cT>(T>u^<<<<aicDcQciJoooooQOQOOOOOOOOO c_)LJOUOU LJLJ U(J c_)00<->OC_>0000000
f\J cnj c\j c\| r\| c\i og rsj c\j c\j c\j c\j c\j c\j c\| og og c\j c\j rvj r\g c\l r\j r\j c\j pg cnj c\j c\| cm r\j cm












1. Tinklepaugh, N. , and Both, A. "CFA Calculator."
System description prepared at Naval Electronics
Laboratory Center, San Diego, Ca. , 1972. (Photocopied.)
2. Tinklepaugh, N., and Roth, A. "Closest Point of
Approach Calculator." Demonstration materials prepared
at Naval Electronics Laboratory Center, San Diego, Ca.,
1972- (Mimeographed.)
3. Fritts, D. E. "Device Description, Scientific Read
Only Memory (P/N 15171NA)." Specification prepared at
North American Rockwell Microelectronics Ccnpany,
Anaheiit, Ca. , October 25, 1971. (Photocopied.)
4. North American Rockwell Microelectronics Company.
"Functional Description: PCPU Sample Calculator."





Telephone interview with N. Tinklepaugh
and 17 Tvoth, Naval Electronics Laboratory Center,
San Eiego, Ca. April 5, 1973.
6. Dutton, Benjamin. Nsvic[ation_and Hautical Astrcncm_y.
9th ed. revised. Innapolis: UniTecl States Naval
Institute, 1948.
7. Kildall, Gary A. "A Chebyshev Approximation Routine
for the Intel MCS-4 Computer." Monterey, Ca. : Computer
Science Group, United States Naval Postgraduate School,
September, 1972. (Mimeographed.)
8. Voider, Jack E. "The CORDIC Trigoncnetric Ccnputing
Technique:," ire Transactions on Electronic Computers,
Vol. EC-8, NoT~3~7HepTem^er7"195"977~PP""33I}-33^T
9. Walther, J. S. "A Unified Algorithm for Elementary
Functions," Spring Joint Computer Conference, Vol. 38
(May, 1971), pp7~3T9=r3"857 * —
10. Schmid, Herman, and Eogacki, Anthony. "Use decimal
CORDIC for generation of many transcendental
functions," EDN, Vol. 18, No. 4 (February 20, 1973) ,
pp. 64-73.
11. Walther, J. S. Letter to Dr. Richard Franke, United
States Naval Postgraduate School, Monterey, Ca., from
Hewlett-Packard Laboratories, Palo Alto, Ca. , February
13, 1973.
12. Kildall, Gary A. "An MCS-4 Assembler and Interpreter
for the IBM System/360." Monterey, Ca.: Ccaputer
Science Group, United States Naval Postgraduate School,
July, 1972. (Mimeographed.)
13. Intel Corporation. MCS-4 M icr p _ Com p u _t er_ Set: _UsersManual. Rev. 3. Santa Clara, Ca. : Inlel Corporation,
7JuIy7~1972.
14. Brubaker. Ray H., Jr. "I/O Simulation using the MCS-4
Interpreter for the IEM System/360." Monterey, Ca.
:
Computer Science Group, United States Naval





1. Defense Documemtation Center 2
Camercn Station
Alexandria, Virginia 23314
2- Library, Code 0212 2
Naval Postgraduate School
Monterey, California 93940
3. Chairnan, Computer Science Group, Code 72 1
Naval Postgraduate School
Monterey, California 93940
4. Asst Professor G- A. Kildall, Code 53 Kd 1
Naval Postgraduate School
Monterey, California 93940
5. Inst Bay H. Brubaker, Jr., Code 53 Bh 1
Naval Postgraduate School
Monterey, California 93940
6. Asst Professor R. Franke, Code 53 Fe 1
Naval Postgraduate School
Monterey, California 93940
7. Mr. Nora Tinklepaugh, Code 4300 • 1
Naval electronics laboratory Center
San Diegc, California 92152
8. LCDR K. H. Kerns - 1
128 Eelle Drive
Marina, California 93933
9. LT E. S. Cooper 1
2200 South Ocean Boulevard
Apartment 608




%rj mi w\*m m i
DOCUMENT CONTROL DATA -R&D
Security clat silic mtion ol title, body of abxtract «nd indtxlnfl annotation mum be entered whan the overall report /* cl* filled)
I ORIGINATING ACTIVITY (C'o/porefr tiuthor)
Naval Postgraduate School
Monterey, California 93940




A MICROCOMPUTER SOLUTION TO MANEUVERING BOARD PROBLEMS
4. DESCRIPTIVE NOTES (Type ol report r.na, indue ive drtet)
Master's Thesis; June 1973
5. AUTHORISI (Flrtt nome, middle Initial, laet name)
Kenneth Harper Kerns
Roger Stuart Cooper
6 REPOR T D A TE
June 1973
7». TOTAL NO. OF PAGES 76. NO. OF REFI
14
•«. CONTRACT OR GRANT NO-
6. PROJECT NO.
Vts. ORIGINATOR'S REPORT NUMBEft(S)
96. OTHER REPORT NO(I) (Any other numbers tSiet artsy 6* xteel£ned
thle report)
10. DISTRIBUTION STATEMENT
Approved for public release; distribution unlimited.




A special-purpose digital computer has been developed using the
new MOS LSI microprocessor technology. The primary goal of this work
was to solve a fairly complicated task using a minimal amount of
random logic and limited, development time. This computing system
solves ships' maneuvering board problems including the determination
of course, speed, and closest point of approach of other ships.
Ten contacts can be tracked simultaneously. The triangulation
involved in these calculations is performed using a decimal version
of the CORDIC algorithm. A complete maneuvering situation can be
computed in 4.5 seconds. Except for hardware required to drive the
displays, all logic is contained in the software-encoded read-only-
memory chips, which drive a single CPU chip. Approximately eight
hundred man-hours were required to develop the programs and prototype
the hardware. The system is modular and easy to maintain, low in
bulk, power consumption, and cost.
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